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INTRODUCTION 



CONTRAST MEDIA IN DIAGNOSTIC IMAGING 

The significance of contrast media was recognized al- 
most simultaneously with the discovery of X-rays. Too 
many structures in the body remain invisible on X-ray 
and can only be enhanced through the use of contrast 
media. As a result, much effort has been made to bet- 
ter adapt contrast media and the techniques of their 
administration to diagnostic requirements and to de- 
velop better-tolerated products. At the same time, the 
technique continued to develop; computed tomogra- 
phy and subtraction techniques Increase the contrast 
resolution of X-ray imaging. With ultrasound and mag- 
netic resonance imaging soft tissue can be depicted 
much better, sometimes allowing exact identification 
of blood vessels which cannot be seen on non-con- 
trast-enhanced X-ray images. The principle “contrast 
media,” however, has proven itself well, especially in 
the new X-ray techniques and magnetic resonance 
imaging, and will also undoubtedly increase the diag- 
nostic potential of ultrasound since these substances 
which are introduced from outside the body make it 
possible to visualize functions which otherwise could 
not be seen. Contrast enhancement also improves the 
quality of the morphological information. 

Visualization of functions 

# elimination (kidney, liver) 

^ transport processes (bloodstream, cerebrospinal 
fluid, intestinal contents, imaging of the liver) 

♦ perfusion (all organs) 

♦ permeability and barriers (blood-brain barrier, 
cysts) 

# metabolism (MR spectroscopy) 




Morphology 

Creating and increasing contrasts, for example, 
through 

# varying contrast media concentrations in individu- 
al tissues 

# temporal changes of radiation absorption or sig- 
nal intensities 

# change in quality (frequency) of the signals by 
contrast media. 

Although the Information gained through the use of 
contrast media is not just restricted to the visualization 
of anatomical structures, the term “contrast media” 
has been retained. 

On the whole, all Imaging techniques and all products 
referred to as contrast media have one thing in com- 
mon - they all assist in providing visual representa- 
tions of Information from within the body. This informa- 
tion may represent anatomical structures, functions, 
or physical-chemical conditions. 




GENERAL PRINCIPLES OF 
X-RAY CONTRAST MEDIA 



The contrast in an X-ray film is caused by the varying 
absorption of X-rays by the material being irradiated. 
This absorption is dependent on the atomic number of 
the atoms present in the molecules, on the concentra- 



T % absorption 
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Fig, 1 . Absorption of X-rays in % by water 
(' soft tissue. - ) and an aqueous CM 
solution with 20 mg iodine/ml with slice 
thickness of 1 cm in relation to the energy of 
the X-rays (50 keV are achieved at about 
100 kV tube voltage) 



tion of these molecules and on the thick- 
ness of the irradiated slice. In the case 
of chest X-rays, the bones, the airiferous 
lungs, the heart and other tissues pro- 
vide adequate natural contrast. In other 
cases, however - e.g. in the abdomen -, 
the composition of the organs is so simi- 
lar that the differences in absorption are 
too small; they are radiographically 
anonymous and must be made visible 
by additional measures (fig. 1). 

The introduction of substances of 
very low density (gases) into organs or 
surrounding structures reduces the ab- 
sorption; such substances are called 
negative contrast media (CM). Sub- 
stances with a high X-ray density con- 
tain atoms of a higher atomic number 
(barium or iodine). Such preparations in- 
crease the absorption of X-rays in the 
body and are, therefore, known as posi- 
tive CM (table 1). 
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‘ iomeprol 

- iobitridol 
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Table 1* Classification of X-ray contrast media (CM} 
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STRUCTURE AND PROPERTIES 
OF X-RAY CONTRAST MEDIA 



Optimal use of CM in radiology requires a knowledge 
of the nature and relevant properties of the available 
substances. This chapter describes the properties of 
current and newly developed contrast-giving sub- 
stances which have an influence on their behavior in 
the organism, their side effects and their practical util- 
ity. 

The main CM in use today are insoluble barium 
sulfate for the diagnosis of the Gl tract and water-sol- 
uble CM for the radiological demonstration of the dif- 
ferent vascular systems, body cavities and organs. 



BARIUM SULFATE 

Barium is employed in the form of the insoluble sulfate 
for the diagnosis of the Gl tract. If perforation is sus- 
pected, however, a water-soluble, iodinated CM (Gas- 
trografin, Ultravist-370, Isovist 300) must always be 
chosen, since the body is virtually incapable of elimi- 
nating barium sulfate once It has entered the peritone- 
um. Barium sulfate is available either as a powder to 
be made up freshly before use or as a ready-to-use 
suspension. For double-contrast demonstration (filling 
of the lumen with gas, coating of the wall with barium 
sulfate), barium sulfate is either mixed with a carbon 
dioxide additive or a gas-forming agent is taken in ad- 
dition. Common to all barium preparations is the con- 
centration of about 1 g/ml barium sulfate or somewhat 
less for bowel studies. High-density preparations with 
a barium sulfate content of 2.5 g/ml are tailored to the 
special requirements of the double-contrast method 
[1]- 
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COOH 



WATER-SOLUBLE 
CONTRAST MEDIA 



The first CM on the basis of triiodoben- 
zene were introduced in about 1950 (fig. 
2) and had virtually taken over the field 
by the second half of the fifties. The rea- 
sons why such a homogeneous sub- 
stance class still dominates a number of 
uses without any recognizable competi- 
tion are as follows: 

# Iodine is the only chemical element 
which combines three properties essen- 
tial for the production of CM: high con- 
trast density, chemical behavior which 
allows firm binding to the highly variable 
benzene molecule, and low toxicity. 

♦ The iodine is optimally bound in the symmetrically 
substituted triiodobenzene; at 84%, the iodine content 
of the basic molecule Is extremely high. 

^ Positions 1 , 3 and 5 in the molecule are available 
to the chemist for the most diverse modifications of the 
physicochemical and biological properties by the in- 
troduction of side chains. 

Chemical structure, biological behavior and use 

The substance types shown in figure 3 were produced 
by varying the basic molecule of triiodobenzene. 
Thanks to the large number of synthesized substances, 
the relationship between the chemical structure and 
the principal biological behavior of molecules is well 
documented. 




Fig, 2, Structure of triiodinated CM 
Aromate = Parent substance 
*COOH = Salt or amide binding^ water 
solubility 

-i = Contrast-giving component 

-Ri , Rg = Reduction of toxicity and lipoptiilia 

-Hz - Elimination pathway 
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Conventional, highly hypertonic 
contrast media in uro/angiography 
and CT 

Diatrizoic acid, which was introduced in 
1953, is contained in numerous prod- 
ucts and was the most widely used CM 
in the world for urography, angiography 
and CT for three decades. 

Because its COOH group is con- 
nected directly to the triiodobenzene 
ring, diatrizoic acid (Urografin, Angio- 
grafin, Urovist, Urovison) is a strong 
acid, forming salts which are readily 
soluble in water. The two side chains 
(-NHCOCH3) further improve the solu- 
bility, reduce protein binding (thereby in- 
creasing its ability to be filtered in the 
glomerulus) and improve above all the 
tolerance. The substance is eliminated 
almost exclusively via the kidneys. 

There is a series of related com- 
pounds which are derived from diatrizo- 
ic acid; meanwhile, however, these are 
less important (fig. 4). 



Diatriiolc acid 
a.g. in Urografin 



COOH 



CH3-C-HN 
^ II 




’ Urine 



NH-C-CH3 

O 



Urography G.l. study 

Angiograpliy Arthrography 
CT etc 



lopromide 
in Ullravist 



0 CH3 OH 
C-N-CH2CHCH2OH 



CH3OCH2C 

^ O 

— ► Urine 

Angiography 
arterim and venous 



c-nI^c- 



NHCH2CHCH20H 



OH 



Cavography 

CT 

Urography 



iotroxic acid In Biliscopin 
COOH 



COOH 



NH-C0-(CH20CH2)3“C0-NH^S^ 



Bile 



Intravenous cholecysto<^langiography 
lopodic add In Biloptin 
CH2CH2-COOH 

N = CH-N + 

' 'CH3 

— ► Bile Oral Cholegraphy 



endogenous 
glucuronic acid 



Low-osmolar contrast media, 
especially nonionic substances 

In the course of the sixties, it became in- 
creasingly clear that many of the side ef- 
fects of the conventional CM - particularly of those 
used in angiography - were caused more by the high 
osmolality of the concentrated CM solutions than by 
chemotoxicity. CM with less osmotic activity were syn- 
thesized following the basic work by Almen [2]. 



Fig. 3. Basic chemical structures of water- 
soluble CM, main elimination pathway* fields 
of use as exemplified by a representative of 
each substance 
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Dtatrizo^te: 

Afigk>grafin 

Urografin 

Urovison 
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COOH 


COOH 
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CH3COHN NHCOCH3 

t 


CHsCOHN^^S;^ CONHCH3 


Conray 






Icxithalamate 


COOH 


COOH 


* Talebrix 



C 



HN 

I I 

CO 

CHg 



CH2NHCOCH3 CH3COHN CONHCH2CH2OH 

I 



;#c 



Fig. 4. Conventional CM: Diatrizoate and related products derived from it 



Nonionic contrast media (figs. 5, 6). Above and be- 
yond their reduced osmolality, nonionic CM have sur- 
prising advantages over ionic CM in two respects: 

1 . The neural tolerance of nonionic CM proved to 
be considerably better than that of ionic CM. As a re- 
sult, the nonionic substances quickly replaced the ion- 
ic agents in myelography. The dimeric compound io- 
trolan merits particular mention, lotrolan, which has 
been on the market since 1988 (Isovist), displays ex- 
cellent neural and tissue tolerance which can be ex- 
plained, inter alia, by its blood-isotonic character even 
at high concentrations. 

2. The incidence of both general reactions, such 
as nausea and vomiting, and of the sometimes life- 
threatening, allergylike or idiosyncratic reactions, is 
apparently far lower under nonionic CM [3, 4, 33-35]. 
The replacement of Ionic CM in angiography, urogra- 
phy and CT by nonionic products, is, by now, very ad- 
vanced. However, the incidence of fatal reactions is 
too rare to allow statistical comparison. 

The good general tolerance of nonionic CM compared 
to that of ionic CM and the low-osmolar compound 
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ioxaglate can be explained by the fol- 
lowing main properties: 

Nonionic contrast media 

♦ contain no electrical charges, 

♦ contain no cations, such as sodium 
or meglumine, and 

♦ are considerably better shielded by 
hydrophilic side chains. 

This results in minimal protein binding 
and enzyme inhibition and in reduced 
impairment of the function of biological 
membranes. 

For the patient, this means substan- 
tially better general tolerance. Nausea 
and vomiting, urticaria, mucosal swell- 
ing, increased respiratory resistance 
and effects on the cardiovascular 
system are rarely observed with non- 
ionic CM. 



Uro/angiographlc agents CH2OH 
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Fig. 5. Chemicai structures of nonronic CM. 
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Osmolality and side effects caused by hypertonic- 
ity. Nonionic CM all have distinctly lower osmotic ac- 
tivities than conventional ionic CM. With the same io- 
dine content, the osmolality at 37° C can be more than 
2.5 times higher for an ionic CM than for a nonionic 
compound. 

CM side effects caused entirely or mainly by the 
excessively high osmolality are: 

♦ Vascular pain 

♦ Endothelial damage 

♦ Disturbance of the blood-brain barrier 

♦ Thrombosis and thrombophlebitis 

♦ Bradycardia in cardioangiography 

♦ Increase of pressure In the pulmonary circulation, 
at least in cases of initially pathological values. 

Some of these side effects occur very frequently espe- 
cially in angiography with conventional CM. Wherever 
possible, therefore, only nonionic CM should be em- 
ployed in angiography. 



Myetograptiy and other body cavities: lsovls1*» Jotrolan 



HOCH2 “ CHOH 
C 0 NH“CH-CH 20 H 
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Angiography, urography, CT: Visipaque®, lodlxatTol 
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Rg. 6. Chemical structures of nonionic dimeric X-ray CM 





Osmolality (43) 


Viscosity, 37’C 


Protein binding 




300 mg l/ml, 37'C 


300 mg 17ml 


370 mg I/ml 


in % at 1.2 mg 




mosm/kg H^O 
mean and 95% 


m Pa * s 


m Pa • s 


I/ml plasma 




confidence interval 








lopromide 


586 ± 5 


4.6 


9.5 


0.9 ± 0.2 


lopamidol 


653 ±7 


4.5 


9.5 


2.9 ± 0.2 


lohexol 


667 ±8 


5,7 


10.5* 


1 .5 ± 0.3 


I oversol 


661 ±3 


5.5 


9.0* 


1.6 ±0.9 ** 


lopentol 


6S3±4 


6.5 


12.0* 


1.9 ±0.6*** 


lomeprol 


538 


4.3 


7.0* 


1.7 ±0.4 


lobitridol 


695 


6.0 


10.0’ 


- 



* 350 mg lod/ml more than lopromide less than lohexol 

Table 2. Nonionic contrast media for intravascular administration 



At high dosage and irrespective of the mode of use, 
high osmolality CM cause general vasodilatation and a 
fall in blood pressure, hypervolemia and diuresis. 

These effects occur to a reduced extent or only at 
an even higher dosage in the case of nonionic CM. 

In what way do nonionic CM differ from each 
other? 



Nonionic CM differ (because of their chemical 
structure) as regards their osmolality, their viscosity 
and their substance-specific properties. The introduc- 



tion of new CM required that 
new comparative measurements 
were performed. The results of 
these can be found in tables 2 
and 3. If account is taken of the 
specific properties of the individ- 
ual nonionic CM when choosing 
which one to use, radiodiagnosis 
can be optimized and the risk of 
the examinations for the patient 
reduced. 



Osmolality Viscosity 
mosm/kg H^O m Pa • s, 37'C 



lotrolan 



ISOViSt-240 


270 


3.9 


lsovist-300 


291 


8.1 


lopamidol-200 


413 


2.0 


lopamidol-250 


580 


3.0 


lohexoMSO 


390 


2.0 


lohexol-240 


520 


3.3 



Table 3. Non ionic contrast media for myelography and 
other body cavities (Isosrist) 
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Ionic contrast media 

It is also possible to produce low-osmolar ionic CM. 
The only one of these CM to have achieved any impor- 
tance in angiography is meglumine-sodium ioxaglate 
(Hexabrix [ 5 ]). Its use is confined to angiography be- 
cause it achieves neither the neural nor the general 
tolerance of nonionic CM [6, 7 ]. 

Ioxaglate (Hexabrix, only one acid function) con- 
sists of two triiodobenzene rings (dimer) which are 
connected via a chain (fig. 7 ). 

This doubling of the molecular weight has no influ- 
ence on the basic properties of the molecules: Good 
solubility, renal elimination and a lack of enteral ab- 
sorption suggest the same uses as for diatrizoate. The 
distinctly lower osmotic pressure of the solutions of 
sodium-meglumine ioxaglate is the reason for its virtu- 
al painlessness in peripheral angiography. High vis- 
cosity and an increased rate of general reactions are 
serious disadvantages of ioxaglate. 



CCMDH 



H3C N COCH3 



HO (CH2)a HNOC 




NH - CO - CHa — HN “ OC 




CONHCH3 



io)cagiaie 
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Fig. 7. Monocartxsntc acid dimer 



Contrast media for intravenous cholegraphy 

Like in urography, in i.v. cholegraphy also there are 
several CM available which are chemically very simi- 
lar. Unlike the urographic agents, however, not every 
i.v. cholegraphic agent has its specific 
advantages and disadvantages, since it 
was possible to improve the first i.v. cooh 



type of the i.v. biliary CM. It is a dimeric 
diacid which contains no further side 

chains. It is eliminated for the greater pjg^ lodipamide in Biligrafin 
part with the bile without the molecules 
undergoing any chemical changes (metabolism) 

(fig. 8). 

The reasons are: 

♦ The unsubstituted positions 5 and 3 lead to bind- 
ing to plasma protein and, consequently, delay 
glomerular filtration decisively. 

♦ The acid groups and the lipophilic properties of 
the molecule permit the use of the hepatic anion 
transport mechanism, which also causes the bil- 
iary elimination of natural acidic metabolites. 

♦ In contrast to the monomer, the size of the mole- 
cule exceeds the molecular weight threshold re- 
quired for biliary elimination [8]. 

The strong acid groups prevent reabsorption after bil- 
iary elimination into the duodenum. 

The modern i.v. biliary CM Biliscopin is bound 
somewhat less firmly to albumin. The rate of elimina- 
tion and the contrast density are increased; the toler- 
ance Is very much improved, particularly in the case of 
the infusion formulations. Since a constant infusion 



cholegraphic agent, lodipamide, in re- 
spect of opacification and tolerance. 



lodipamide (Biligrafin) is the proto- 




o 



O 



rate is decisive for tolerance the use of an automatic 
infusion pump is recommended. 



Contrast media for oral cholegraphy 

A number of CM similar in respect to their chemistry, 
opacification, pharmacokinetics and tolerance have 
been developed for oral cholegraphy (iopodate, io- 
benzamic, iopromic, iocetamic and iopanoic acid). 



bowel contents, they are present to some extent 
in the lipophilic, undissociated form and can, 
therefore, permeate the lipoid-containing mem- 
branes of the intestinal epithelium. The water sol- 
ubility of many oral cholegraphic agents is very 
low at pH 7 and increases only as a result of ion- 
ization in a distinctly alkaline environment. 

♦ Position 5 is unsubstituted, i.e the contrast agents 
are bound to proteins just like i.v. cholegraphic 
agents. 

♦ Oral biliary CM are monomers. They gain the 
higher molecular weight required for biliary elimi- 
nation by binding to glucuronic acid. 




Sodium iopodate (Biloptin) displays 
the structure typical of many oral chole- 
graphic agents (fig. 9): 



Fig, 9. Iopodate in Biloptin 



» 'CHg 



♦ The acid group is bound to the ben- 
zene ring not directly, but via a 
chain (bridge). Oral cholegraphic 
agents are, therefore, very much 
weaker acids than the CM for intra- 
venous use; at the pH value of the 
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Cations 

The ionic CM for angiography, urography, CT, i.v. 
cholegraphy and oral cholegraphy are sufficiently sol- 
uble in water only as salts. In the case of most oral bil- 
iary CM, the formation of salt is left to the organism. 
Only a few oral cholegraphic agents and all the other 
compounds mentioned are offered as finished salts. 
Iodine-free bases (usually sodium or meglumine) are 
used to dissolve the iodinated CM acid. At present, di- 
atrizoate is also available as a lysine salt only In Ger- 
many and ioxithalamate as an ethanolamine (mixed) 
salt only in France. Numerous other cations are fea- 
sible as counterions for CM acids but, so far, no cat- 
ions have been found which are better than or even as 
good as meglumine or sodium. 

The cations introduced into the body with the CM 
are freely mobile independently of the CM acids and 
are eliminated independently of the acids. As far as is 
known at present, the pharmacokinetics of the acids 
are not affected by the cations [9, 10]. Similar to the 
CM anion, the meglumine cation diffuses into the ex- 
tracellular space with only little uptake into the cells 
and is eliminated almost exclusively via the kidneys. 
Sodium behaves the same as endogenous sodium. 

Meglumine, which was originally introduced be- 
cause of the better solubility of its salts, has, in gene- 
ral, proved to be the better tolerated cation. Disadvan- 
tages are the higher viscosity and the somewhat 
stronger diuretic effect. 

A certain proportion of sodium In the salt mixture 
is essential in cardioangiography (Urografin), in which 
pure sodium or meglumine salts were contraindicated 
already before the introduction of nonionic CM. 
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Synthesis of water-soluble contrast media 

The parent substances for the synthesis of water-sol- 
uble CM are iodine and nitrobenzoic acid derivatives. 
Iodine is a valuable raw material which is obtained 
partly from marine algae and partly from salt deposits. 
A significant part of the annual world production for io- 
dine is used for the manufacture of CM. 

Just what the synthesis of CM entails depends 
very much on the chemical structure of the compound 
concerned. While ionic CM can be produced from the 
parent substances in just a few steps (fig. 10a), the 
new nonionic products require a large number of 
steps (fig. 1 0b). Apart from the expenditure for materi- 
als and labor involved in each individual step, some of 
the material employed - including some of the usually 
already iodinated precursors - is also lost at each step 
in the synthesis. As an example, even when the yield 
at each Individual step is 90%, the total yield of an 8- 
step synthesis is only 43% of the materials originally 
employed. 

The purification of nonionic CM, which are readily 
soluble in water, is yet another problem. Ionic CM can 
be precipitated from water by acid. Nonionic agents 
cannot be precipitated from water but at most to a lim- 
ited extent from the customary organic solvents. Con- 
sequently, the extremely high demands made on the 
quality of CM make the purification of nonionic sub- 
stances an expensive production step because of the 
complicated procedures required and the high losses 
involved. 
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PHYSICOCHEMICAL PROP- 
ERTIES OF WATER-SOLUBLE 
CONTRAST MEDIA 



Property 


Significance 


Solubility 


Maximum possible concentra- 
tion; where applicable, need to 
dissolve crystals in warmth 
before use. 


Viscosity 


Rate of injection; infusion. 
Highly viscous solutions can 
impair the microcirculation in 
selective angiography. 


Osmolality 


Pain rn some angiographic 
indications; endothelial damage; 
arachnoiditis (?) in myelography: 
bradycardia in cardioangiography; 
hypervolemia after very rapid, 
high-dosed i.v, injection; diuresis 


Lipopliitidty, 
absence of 
hydrophilia 
(of ionic CM) 


General reactions (nausea, 
vomiting, allergy-like reactions) 
more frequent, particularly at 
high dose and on rapid injection; 
protein binding, prevention of 
glomerular filtration; tubular 
secretion; biliary elimination; 
permeation through cell 
membranes, enteral absorption. 


Electrical 

charge 


Improvement of solubility; 
increases the hydrophilia; 
epileptogenicity 



Table 4. The most important physicochemical 
properties of water-soluble, iodinated CM 



The most important physicochemical 
properties of water-soluble, iodinated 
CM are their solubility, the viscosity and 
osmolality of the solutions, the lipophilic 
or hydrophilic properties of the iodine- 
containing molecule and the electrical 
charge (table 4). In practice, these prop- 
erties have the following significance: 

WATER SOLUBILITY 

Very good water solubility is a prerequi- 
site for the production of highly concen- 
trated, radiopaque CM. As with sugars 
or peptides, the solubility of nonionic CM 
is mediated by hydrophilic groups (-OH, 
-CONH-). Some commercially available 
CM can crystallize at low temperature 
and must be dissolved again before use 
by warming up. 

VISCOSITY/TEMPERATURE 



The viscosity is a measure of the flow properties of the 
solutions and is expressed in millipascal • second 
(identical with the older unit centipoise). It strongly in- 
creases with increasing concentration and falling tem- 
perature (figs. 11, 12). The viscosity of the different 
CM Is different at the same iodine concentration and 
same temperature (table 2). 

This clearly affects the maximum injection speed, 
if e.g. narrow catheters or thin needles are used or if 
the injection of greater volumes is necessary. The In- 
jection speed can be given in mg iodine/second, as 
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this is the parameter which determines 
the contrast (table 5). 

OSMOLALITY 
Osmotic pressure 

The osmotic pressure of a solution can 
be calculated in two different units, os- 
molarity and osmolality. The osmolarity 
is the concentration of osmotically active 
particles in relation to the volume of a 
solution. In the case of non-electrolytes 
it is identical to the molarity; for dissoci- 
ated substances = molarity times the 
number of ions in one mole; given as 
osmo/L solution. The osmolality de- 
scribes the concentration of solute per 
kg of water. 

The osmolality of CM solutions is 
expressed in milliosmol/kg water, in 
megapascal or in atmospheres (1,000 
mosm/ kg = 2.58 MPa = 25.5 at). It Is ap- 
proximately proportional to the number 
of freely mobile particles (molecules, 
ions) per kg water. The osmolality of CM 
is dependent very much on the concen- 
tration and only slightly on the tempera- 
ture (fig. 13). Different CM can display 
greatly diverging osmolalities at the 
same concentration of iodine (table 6). 
In the concentrations normally em- 
ployed in angiography, all CM currently 
on the market are hypertonic in relation 
to blood. 



mPa • s (=cP) 




Fig. 11. Viscosity of Ultravist in relation to 
the concentration 



mPa • s (=cP) 




Fig, 12. Viscosity of Ultravist 370 in relation to 
the temperature 
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HYDROPHILIA/LIPOPHILIA 



Osmolality at 37^C; mosrrVkg watef 




Fig. 13. Relationship of the osmoJality of 
Ultravist to the CM concentration 



Substance Partition coefficient 

Diatfizoate 
iodipamide 
loxaglate 
lopromide 
lopamidol 
lohexol 
loversol 
lopentol 
Jomeprol 
lotrolan 
lodixanol 
lopodate 

0.1 0,2 0,3 7 8 




Fig. 14. Partition coefficient of different CM 
between n-butanol and buffer pH 7.6 



The lipophilia of the iodine-containing 
CM acids or of nonionic CM is calculated 
from their distribution between a solvent 
(octanol, butanol) which is not miscible 
with water and an aqueous buffer with a 
pH value (distribution coefficient) close 
to that of blood or tissues (fig. 14). 

The electrical charge (acid group) 
and the oxygen and nitrogen atoms in 
the side chains reduce the lipophilia of 
triiodobenzene, while methyl groups in 
the side chains increase it. CM for urog- 
raphy, angiography, CT and myelo- 
graphy should display as little lipophilia 
as possible. A correlation was found 
between lipophilia and certain types of 
side-effects when ionic contrast media 
are administered. This correlation was 
even more obvious if the degree of the 
binding of the contrast media to plasma 
proteins was measured rather than the 
lipophilia. 

Non-ionic contrast media are gen- 
erally very hydrophilic. The binding to 
plasma proteins is minor and does not 
correlate with the lipophilia, which is 
measured as a distribution coefficient 
(table 2 and tig. 14). It would seem that 
hydrogen bonds and other factors play a 
larger role as regards binding with pro- 
teins and the tolerance. Undoubtedly, 
the tolerance of these substances is al- 
so influenced by other factors which 
cannot be measured physicochemically. 





Cholegraphic CM and particularly 
the oral ones must be very much more 
lipophilic (fig. 14). 

ELECTRICAL CHARGE 

Originally, the water-soluble CM were 
salts of iodinated organic acids. A con- 
trast-producing iodinated anion in solu- 
tion carries one or two negative charg- 
es, whereas non-contrast-producing 
cations (e.g. sodium, meglumine) each 
carry one positive electrical charge. 
Although the cations do not directly 
enhance radiographic imaging, they are 
essential for Improving the solubility of 
iodinated acids and for attaining physio- 
logical pH values. Only acidic CM are ef- 
fective as biliary contrast media, since 
only they are eliminated quickly enough 
by means of a hepatic anion transport 
mechanism. For all other indications, 
the new electrically neutral, nonionic CM 
have proven more suitable: the cations 
of CM salts unnecessarily increase the 
osmolality of the solutions and cause 
additional, generally undesIred effects. 
The CM ions disturb the electrical poten- 
tial on cell membranes. Electrical 
charge is the cause of a host of unwant- 
ed interactions of CM with the organism. 

Others 

Several other properties of X-ray con- 
trast media are also of substantial signi- 





mg I/s 


Ultravist-300 


2027 


lopamidol-300 


1974 


Omnipaque-300 


1753 


Omnipaque-350 


1477 


Table 5. Maximum possible injection speed 
through an 5F Headhunter catheter, contrast me- 


dia temperature 37'C, n 
um |11] 


= 20 per contrast medi- 



mg I/ml Osmolality 
mosm/kg 







water 


Blood 




290 


Ionic CM 






Urografin 30% 


146 


710 


45% 


219 


1050 


60% 


292 


1500 


76% 


370 


2100 


Angiografin 


306 


1530 


Urovist 


306 


1530 


Hexabrix 


320 


577 


Nonionic CM 






Ultravist 


150 


32B± 4 




240 


463 i 17 




300 


607 ± 9 




370 


774± 10 


lopamiro 


200 


437 ± 16 


(Japan. Australia, SA) 


300 


644 ± 31 




370 


832 ±34 


Omnipaque 


240 


525 ± 15 




300 


665 ± 10 




350 


823 ± 23 


ISOVfSt 


240 


278 




300 


291 


Visipaque* 


270 


290 




320 


290 



Table 6. Osmolality of ionic and nonionic CM at 
37 ‘C; mean and 95% confidence interval 
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o 

CNHC- R 




-N R 
H 

Fig. 15. Examples of possible hydrogen bonds 
between polypeptides and CM 



ficance. Binding to biomolecules can 
be mediated not only by the electrical 
charge and lipophilic groups but also by 
hydrogen bonds (fig. 15). Hydrogen 
bonds are responsible for the spatial ar- 
rangement of polypeptide chains (fol- 
ding) and nucleic acids (helix). In many 
cases they determine the functlonability 
of the macromolecule. The association 
of X-ray contrast medium molecules in 
concentrated solution must also be due 
primarily to hydrogen bonds. 

Further relevant properties are, for 
example, the high density (the high spe- 
cific gravity) of concentrated contrast 
medium solutions, which hinders the mix- 
ing of aqueous solutions with the blood, the (slight) 
buffering capacity, which effects the rapid assimilation 
of the pH value of the contrast medium to that of the 
blood and the powerful absorption of UV light, which is 
responsible for the light-sensitivity of the iodinated 
X-ray contrast media. 
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POSSIBLE USES OF 
X-RAY CONTRAST MEDIA 



The possible field of applications of X-ray CM is wide. 
It ranges from the administration of CM with purely 
mechanical filling of certain cavity systems to opacifi- 
cation in a functional manner. In the latter case, the 
actual function of organs, such as the kidneys and liver, 
namely the elimination of metabolic end- 
products or exogenous substances, is 
exploited to demonstrate the organ itself 
or in the draining body cavities. As exo- 
genous substances, the CM are elimi- 
nated from the organism via the kidneys 
and urine (urography) or via the liver 
and bile (cholegraphy) depending on 
their chemical structure and properties. 

As a consequence, parenchymal struc- 



Principle of 
demonstration 


Example 


CM 

characteristics 


Luminal filling 




No absorp- 
tion; slight 
or no toxicity 








G.l. tract 


Retrograde 

pyelography 





tures or elimination pathways become 
visible on the X-ray film (table 7a-c). 


Organ function 

. -ooo 

t t 


Organ- 

specific 

accumulation 

and 

elimination 


PRINCIPLES OF OPACIFICATION 
(fig. 16) 


e. 

Cholegraphy 1 v. urography 





The recognition of morphological struc- 
tures is the main objective in direct lumi- 
nal filling via a natural or iatrogenically 
(e.g. by puncture) created access; this 
permits the differentiation of superficial 
or mural changes. It can, however, also 
result in functional Information, e.g. 
assessment of changes of tone or 
of the peristalsis in cavity systems 
(Gl tract, ureters with retrograde filling, 
etc.). 

In cavography, the concentration of 
the CM administered is decisive for the 



Parenchymal staining 
(enhancement) CT 



Liver 



Angiography 



Kidney 



r 



Angiography 



CM 

distribution 
dependent 
on circylation 



Special 

physico- 

chemical 

properties 

(osmolality, 

viscosity) 



Fig. 16. Principles of opacification 
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degree of contrast in the radiograph. In urography and 
cholegraphy, on the other hand, the contrast density is 
essentially dependent on the functional capacity of the 
organs being examined. Consequently, assessment 
of both the functional capacity and the morphology is 
possible. 

Thus, the radiological evaluation of the kidneys 
and the urinary tract or of the hepatobiliary system 
should contain not only morphological information, but 
also indications of functional changes of the respec- 
tive organs. It can, therefore, provide Important addi- 
tional differential diagnostic Information for the clini- 
cians. As an example, the delayed elimination of renal 
CM can be Interpreted as a definite indication of im- 
paired glomerular filtration due to an acute or chronic 
process. 

Another principle of use of CM has gained impor- 
tance in CT. Initially, it seemed that the high absorp- 
tion resolution of the method would make the use of 
CM unnecessary. In the meantime, the administration 
of CM has become routine in CT. The transit and ac- 
cumulation of CM in the different organs (enhance- 
ment) improve the differentiation of morphological 
structures as a result of the differing enhancement, 
particularly between normal and pathological tissue. 
This allows or at least facilitates the demonstration of 
pathological processes and, occasionally, of their eti- 
ology as well. 

Beyond this, evaluation of a section of the data 
from the complete scan obtained with the latest CT 
scanners allows the density pattern to be followed in 
the observed slice during the first few seconds after 
CM injection (dynamic CT). Conclusions can then be 
drawn about the functional status from the arrival and 
run-off and the pharmacokinetically induced distribu- 
tion patterns of the CM. 
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Principle 


Method 


Contrast 


Dose 


Iodine 


Prepara- 


Peculiarities/ 


of demon- 




medium 


(ml) 


oonoen- 


tions 


modifications 


stration 








tration 

(mg/ml) 






Luminal 


1,GJ. study 


BaSO* 


150 (-400) 


- 


(HD) Barium 


Hypotonia with 


filling 










preparations 


scoplamine 








variable 


- 


CO 2 granu- 


(20 mg Lv. or 












late 


i.m.): faster pas- 
sage with melo- 






Renal CM 


50-100 


370 


Gastrografin 


clopramide. 










300 


Isovist 


In suspected 










370 


Ultravist 


perforation. 










350 


lohexol 


suture insuffi- 










370 


lopamidol 


ciency. Pediatric 
radiology; risk of 
aspiration and 
impaired pulmo- 
riary function 




G.IVCT 




500-1000 


10-20 


30 mt/liter 






2. Double- 


BaSO^ 


300 




Barium 


Duodenal 




contrast of 


+ methyl 


diluted with 




preparations 


probe 




small 


cellulose- 


600 ml HaO 










bowel 


containing 




- 








(SelHnk) 


water for DC 












3. Colonic 


Ba $04 + air 


200 




Barium 


Hypotonia 




contrast 




variable 




preparations 






4. Arthro- 


Urogr. CM 


2-10 










graphy 


+ air 


15-35 










5. Sialo- 


Urogr CM 


1-3 


300 








graphy 






Isovist 






6. Fistulo- 


Urogr CM 


variable 


300 


Ultravist 

lohexol 






graphy 








lopamidol 






7, Hysterosal- 


Urogr CM 


5^10 


300 


etc. 






pingo- 

graphy 










300 




8. PTC, 


Urogr. CM 


20-40 








ERCP 


Urogr. CM 


(10-40) 










9, Retrograde 
pyelo- 
graphy 


Urogr. CM 


5-10 

(100-300) 


300 


Urovison R 
others 






(cysto- 

graphy) 






150 








10. Myelo- 


Nonionic 


15 


240-300 Isovist 






graphy 


CM 




200-290 lohexol 














lopamidol 






1 1 . Broncho- 


Suspension 




240-300 Propylidon 






graphy 








lopydol 





Table 7a. Overview of CM uses 




Principle Method 


Contrast 


Dose 


Iodine 


Prepara- 


Peculiarities/ 


of demon- 


medium 


(ml) 


concen- 


tions 


modifications 


Stratton 






tration 

(mg/ml) 






Organ 1. Lv. uro- 


Urogr CM 


50-100 


300-370"" 


Ultravist 


Dehydration 


function graphy 








tohexol 


unnecessary 










lopamidol 


with non ionic 










lothalamate 
- loxithalamate 


CM 










Urografin 

Urovison 




2. Infusion 


Urogr. CM 


100-250 


150-300 


Urovist 




urography 












3. Oral 


Oral chole- 


3-6g 




Biloptin 


Admin, in 


chofe- 


graphic 






and others 


2 fractions 


graphy 


agent 










4* l.v. chole- 


Biliary CM 


20-30 


180 “ 






graphy 


Biliary CM 


50-250 


30-80 


Biliscopin 

Meglumine 


Slow admin. 


5, Infusion 








“ iodoxamate 


essential 


chole- 

graphy 












Paren- 1 . Bolus- 


Urogr. CM 


1 ml/kg 


300-370“ 


Ultravist 


Administration 


chymal injection 




body weight 


lohexol 


immediately 


enhance* 




or more 




lopamidol 


before 


ment 








Angiografin 


examination. 


2. Infusion 




50-125 


150-370 


“ Meglumine 


If necessary, 










lothalamate 


scan series 










Meglumine 


about 20 sec 










loxithalamate 


after injectian 










Urografin 




Table 7b. Overview of CM uses (cont.) 



Spiral CT permits the 3-dimensional imaging of 
blood vessels following rapid injection of nonionic con- 
trast media and the imaging of biliary ducts following 
administration of Biliscopin. 

In angiography, selective opacification can be 
achieved by direct CM injection into a vessel. Diag- 
nostic exploration then becomes possible not only of 
the shape and filling pattern of the vascular sections 
opacified, but also of the parts of the organ being 
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PrirKiple 


Method 


Contrast 


Dose 


Iodine 


Prepara- 


Peculiarities/ 


of demon- 




medium 


(ml) 


concen- 


tions 


modifications 


stration 








tration 














(mg/ml) 






Vaso- 


1 . Cardio* 


Urogr. CM 


40-60 


370 






graphy 


angio- 








Ultravist 






graphy 








- lopamidol 






2. Coronary 


Urogr. CM 


5-8 


370 


tohexol 






angio- 

graphy 








Urografin 






3. Aorto- 


Urogr. CM 


50 


300-370 








graphy 














4. Selective 


Urogr. CM 


5-50 


300 








abdominal 










Dose acc. to 




angio- 

graphy 

5. Peripheral 


Urogr. CM 


10-70 


300 


Ultravist 
“ lopamidol 
lohexol 


size of vas- 
cular region. 
Dose orientat- 
ed on site of 




angio- 

graphy 


nonionic 








admin. 




6. Cerebral 


Urogr. CM 


5-10 


300 








angio- 

graphy 


nonionic 












7* Phlebo- 


Urogr. CM 


40 


240-300 


Ultravist 






graphy 








lopamidol 

lohexol 

Meglumine 

salts 

<250 mg 1/ml 






8. Lv. DSA 


Urogr. CM 


20-50 ml 


300-370 


Ultravist 










per bolus 




lohexol 

lopamidol 

Urografin 






9. 1.a. DSA 


Urogr. CM 


As conv. 


75-300 


As conv. 


The higher 








angio- 




angiography 


sensitivity of 








graphy 






the method 








or less 






allows less 
selective in- 
jection. small- 
er volume or 
lower iodine 
concentration. 




to. Lympho- 


Oily CM 


5-10/ 


480 


Lipiodol 


Intravascular 




graphy. 




extremity 




(iodinated 


administration 




direct 








fatty acid 
derivative) 




Table 7c. Overview of CM uses (cont.) 
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perfused. This, in turn, allows morphological and func- 
tional evaluation with great clarity of detail and a high 
yield of information. 

Digital subtraction angiography (DSA) allows 
demonstration of the vessels without a disturbing 
background (e.g. bone) and with a very much lower 
CM concentration in the vascular regions of interest. 
The method is based on the subtraction of an image 
obtained immediately before CM injection from a se- 
ries of images obtained under conditions of maximum 
CM concentration in the blood vessels involved. 

In DSA, electronic amplification of only slight dif- 
ferences between the precontrast and the contrast im- 
ages results in pictures of the vessels with very much 
greater contrast. In addition, electronic data process- 
ing speeds up the entire process considerably, so that 
the results are immediately available. Using this tech- 
nique, larger arteries can be demonstrated even after 
an i.v. bolus injection of the CM. In i.v. DSA and fast 
CT high doses and rapid injection make particularly 
great demands on the tolerance of the CM; un- 
disturbed cardiac function and pulmonary transit and 
the smallest possible sensation of heat or pain in the 
patient caused by the CM are prerequisites for a suc- 
cessful examination. 

The CM suitable (type, concentration, amount) for 
the individual examinations are summarized in Table 
7a-c. 
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PHARMACEU 
PRODUCT Ql 



PRACTICAL INF 

Proper storage of 
contrast media 



Observation of expiry dates 



Examination of the 
CM solution before use 



Cystallization found 
in solution 

CM solution with 
high viscosity 

Risks of microbial 
contamination 

Resterilization of the 
CM solution 

Transfer into sterile 
containers 



T I C A L 
A L I T Y 



ORMATION AT A GLANCE 

# in a dark place (e.g. in a cupboard) 

# not near X-ray equipment for 
long periods of time 

# at normal room temperatures (1 5-25 ’C) 

# in a warming cabinet (37*C) not more than 
3 months 

# new products can be stored for 
a maximum of 2-3 years 

# established products usually have 
a shelf -life of up to 5 years 

# remove outer packing only shortly before use 

# check clearness of solution 

(no discoloration, no cloudiness, 
no precipitates) 

# can occur at low temperatures (in winter), 
heat CM solution briefly before use to 80"C 

# heat solution to 37'C, this reduces 
viscosity and allows solution to be 
drawn up better 

# do not keep opened vials and ampoules 
longer than one working day after first use- 
discard all remains at the end of the day 

# do not resterilize opened containers 

# do not pour CM solution over the unsterile 
lip of the original container, keep it covered, 
and do not return it to the original vial 
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PURITY OF THE ACTIVE INGREDIENT, 

BY- AND DEGRADATION PRODUCTS 

Because of the high doses employed - which can be 
more than 100 g substance per patient and examina- 
tion - the demands made of CM in respect of their 
chemical purity are particularly high. The molecular 
structure of the CM substance is demonstrated by 
NMR, IR, MS and UV spectra (fig. 17a-d). 




Fig, 17a. Proton^NMR spectrum of lopromide in OMSO at 300 MHz 
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In addition, tests for foreign sub- 
stances by means of thin layer chroma- 
tography (fig. 17e) and high pressure 
liquid chromatography are performed to 
detect any by-products originating from 
the synthesis [13, 14]. The total iodine 
content is calculated by means of micro- 
iodine determination following wet com- 
bustion of a sample; the active ingredi- 
ent content is determined by spectral 
photometric measurement or HPLC. 

The prescribed values are 98-102%. In 
addition, tests for purity are performed 
using customary pharmacopoeia meth- 
ods; among others, color, clarity and pH 
of a test solution; water content, sulfate 
ash, heavy metal contamination and 
tests for, among others, anorganic io- 
dide and aromatic amine; TLC for for- 
eign substances. Nonionic CM are also 
tested for ionic contamination by means 
of measuring their conductivity. 

Two particular reactions are of im- 
portance as regard the storage of CM solutions: hy- 
drolysis of amide bonds and the cleavage of inorganic 
iodide [15]. In the first case, either (additional) free 
carboxyl groups occur at the aromate (with a strongly 
acidic reaction) and aliphatic amines, or aliphatic car- 
bonic acids and aromatic amines occur. The cleavage 
of Iodine from the aromate leads to an Increase of an- 
organic Iodide in the solution; no elementary iodine is 
released. Degradation reactions of CM usually mani- 
fest themselves as changes in the pH value. 
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Extinction 
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FORMULATIONS 

X-ray contrast media are usually offered as ready-to- 
inject aqueous solutions. Attention must be paid to the 
following properties as regards the use: 

# type and amount of the active ingredient, 

# where applicable, type or mixture of salts, 

# iodine concentration in the solution in mg/ml. 

The CM concentration is of less relevance to clinical 
use, since the other components of the CM - with the 
exception of the iodine - do not contribute to the opac- 
ification. There are, however, some exceptions: 

Oral biliary CM are available in capsules or in an- 
other form suitable for ingestion. 

ADDITIVES 

In addition to the CM substance and the water, the fin- 
ished preparations also contain pharmacologically rel- 
evant adjuvants. 




CaNa 2 EDTA (calcium disodium 
ethylenediamine tetraacetic acid) is 
pharmacologically virtually inactive in 
the concentrations and dosages used. It 
is employed as a stabilizer in order to 
prevent the release of iodide from the 
organic bond caused by heavy metal ca- 
talysis, e.g. by traces of Cu++. Na 4 EDTA 
used to be employed for this purpose, 
but its calcium-binding property led to a 
reduction of cardiac contractility in cardio- 
angiography. This effect is not observed 
with CaNa 2 EDTA [16]. The formulations 
of the nonionic CM Ultravist and Omni- 
paque each contain 0.1 mg/ml CaNa 2 - 
EDTA. 

Buffers can be added to CM in order 
to stabilize the pH value during storage. 
Tris and carbonate buffers, of which on- 
ly low concentrations are required, are 
particularly suitable. The pH value of 
CM solutions lies approximately within 
the physiological range. The buffering 
effect is only slight. After injection, adap- 
tation to the pH value of the blood quick- 
ly takes place. The formulations of Om- 
nipaque and Ultravist contain 1.21 and 
2.42 mg/ml Tris, respectively, with chlo- 
ride as the counterion. 

Preservatives (parabenes) may be 
present in CM for retrograde urography, 
while CM for oral ingestions for the dem- 
onstration of the G. I . tract may contain 
flavoring substances and emulsifiers. 
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Fig, 17d, Ultraviolet-Spectaim of lopromide in 
water (24 pg lopromide/ml slice thickness 
= 1 cm) 




Fig. 17e, Thin layer chromatogram of iopromide 
on a silica gel plate 60F-254 (Merck). Solvent: 
Dioxane (85)-water (1 5)-ammonia (4). Amount 
applied form left to right: 200 pg. 100 pg. 60 pg, 

1 pg. 50 pg. too pg, 200 pg. Photo at 254 r>m 
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MICROBIOLOGICAL QUALITY 
OF THE FINISHED PRODUCT 



Production under controlled environmental 
conditions 

The manufacture of solutions for injection and infusion 
demands special hygienic measures which are deter- 
mined by the construction of the production facilities, 
the technical installations and the competence of the 
workers. 

Such manufacturers must meet not only the inter- 
national and national guidelines of the health author- 
ities, but also special requirements far in excess of 
these, e.g. those made on X-ray contrast media (fig. 
18a-f). 

Increasing microbiological purity is achieved by 
dividing the entire working area into three cleanliness 
classes: 

CC I: Rooms which can be entered without chang- 

ing, e.g. changing rooms, visitors’ zone, air- 
conditioning plant. 

CC II: Rooms which may be entered only after 
a change of shoes and outer clothing and 
with head covering. Preparatory work is done 
here. 

CC III: Aseptic working zones. Change of CC II cloth- 
ing to sterile clothing. 

An air-conditioning system regulated centrally via mi- 
croprocessors provides for the necessary environ- 
mental conditions at the individual workplaces. In the 
aseptic working zones, laminar-flow units - special fil- 
ter units - additional to the conventional sterile air sup- 
ply protect the product from the risk of contamination 
by man and environment. 
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Fig. 18c. Infusion bottle line - filling machine under Fig. 18f. Visual checking of infusion bottles 

laminar flow 



Fig. 18b. Ultrafiltration equipment 



Fig. 18e. Electronic checking of ampoules 



Fig. 18a. Solution production and intermediate storage 



Fig. 18d. Continuous sterilization 




The mechanical production lines have been auto- 
mated as much as possible in order to reduce the risks 
which can arise through direct contact between man 
and product in this region as well. Examples are the 
computer-controlled cleaning processes for cleaning 
agitators, pressure tanks and other equipment. 

The observance of all pharmaceutical rules and 
the proper use of the technical equipment require a 
qualified staff consisting of pharmacists, engineers, 
technicians and skilled workers which is able through 
routine training to make the best of the latest scientific 
and technical state of the art. 

Production process 

Table 8 shows schematically the production flow of 
CM manufacture in a simplified form. 

Of interest here is the number of steps In the pro- 
duction. To ensure that every step takes place accord- 
ing to specifications, it is always followed by a process 
control. The result of such a process control shows 
that the concluded production step was carried out 
properly and that the next step can, therefore, start 
from a safe base. Thus, the sum of the individual pro- 
cess controls describes the quality of the finished 
product and says more about it than the finished arti- 
cle or final control, the result of which can only be 
based on a statistical pattern. 

Let’s just follow the production flow described in 
table 8; 

The ingredients and packing material are checked 
as they come in and, after release by quality control, 
are brought on pallets to an intermediate store (CC II) 
after the outer surfaces have been cleaned. 

The amounts of active substance and adjuvants 
specified in the prescription for a batch of the respec- 
tive preparation are weighed in a weighing center and 
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- Starting materials 
(active ingredients 
and excipients) 

“Ir^pyt check 
-Weighing 

- Process control 



” Fully demineral- 
ized water 

— Process control 

— Distillation 

— Process control 

— Solution production 

— Process control 

— Prefiltrafion 

— Ultrafiltration 

— Process control 

L- Intermediate storage t> 



' Primary 
container 
■ Input check 
’ Cleaning 
' Process control 



Sealing 
material 

— Input check 
^ Cleaning 

— Process control 



■ Sterile filtration 
Fling 

- Process control 

- Sealing <J-1 

' Sterilization 

- Process control 
■Optical control 

- Quarantine 
Final control 

■ Labelling <]-| 

Packing 

■ Release check 

- Dispatch 



“ Labels 

Packing material 
Input check 



Table 6. Production flow scheme of contrast media 



the data documented via an automatic control system. 
After an identity check, the substances are brought in 
special containers to the make-up rooms and dis- 
solved in a stirring apparatus. The various chemical 
and physical data of the testing standard are checked 
before the solution undergoes sterile filtration. During 
filtration, all microorganisms and contaminating parti- 
cles are sieved out of the solution. Particles down to a 
size of a 5,000th of a mm can be filtered out. 

The solutions are now ready for filling and are led 
into the filling plant via a special system of pipes. 

Ampoules are marked with the name of the prep- 
aration by means of a ceramic screen-printing proce- 
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dure. Vials and ampoules are cleaned, for instance by 
the additional use of ultrasound, sterilized, filled and 
sealed in a special cleaning, filling and sealing ma- 
chine. 

The process is accompanied by a check on the 
amount filled. Although the fact that the production 
rooms are aseptic means that filling can take place 
without contamination from the environment, the filling 
machines are further protected by a laminar-flow ar- 
rangement. The filled and sealed containers undergo 
final sterilization in steam autoclaves. 

Finally, all filled articles are examined for possible 
mechanical contamination. 

The finished batch of the drug is then moved to a 
quarantine store and, after a final check by Pharma 
Quality Control, released for packing. 

Sterile filtration, ultrafiltration and sterilization 

A constant check is kept on microbial contamination of 
all starting materials, such as the active ingredients, 
pure water, containers and stoppers. 

Sterile filtration of the solutions and sterilization of 
the filled containers ensure the necessary sterility. In 
addition, what is known as molecular or ultrafiltration 
can be performed as, for example. In the case of the 
CM Ultravist. This process is able to retain molecules 
above a molecular weight of 10,000. It ensures that 
not only microorganisms, but also their high molecular 
weight metabolic products including pyrogens are 
withdrawn and the particle content In the lower mi- 
crometer range is distinctly reduced. In addition, the 
CM solution passes though a sterile filter while it is be- 
ing filled into the ampoules or vials. Finally, the fin- 
ished, firmly sealed individual containers are auto- 
claved for 20 min at 121° C. The containers are heat- 
ed for the shortest possible time by superheated 



46 



steam and cooled again quickly by being sprayed with 
water. This is important because the chemical stability 
of the CM is limited in time at such high temperatures. 

Sterility test 

The object of the sterility test is to check whether mi- 
croorganisms capable of multiplication can be demon- 
strated in the final product. The Millipore-Steritest 
system for two culture media is employed for the dem- 
onstration of sterility. The contents of 20 containers 
from each batch manufactured in the production line 
undergo membrane-filtration via the Steritest system: 
the membrane, which has an average pore diameter 
of < 0.45 pm, retains any microorganisms present. 
The contents of each container are distributed evenly 
to two filter units and filtered. One filter is then coated 
with the culture medium casein-peptone/soya- 
peptone bouillon, the other filter with thioglycolate 
medium. The entire filter units are cultivated for 
10 days. At the end of the cultivation period, the 
filter units are checked for macroscopically visible 
growth (turbidity). The sterility requirements are ful- 
filled when the culture media remain clear after brief 
shaking. 

Test for pyrogens 

Fever reactions can occur in man and animals after 
parenteral administration of injection and infusion so- 
lutions. The reactions are frequently caused by micro- 
bial metabolic and degradation products or endotoxins 
(constituents of the cell walls of gram-negative bacte- 
ria). These fever-provoking substances with a chemi- 
cally heterogeneous structure are known as pyrogens. 

The commonest internationally used test to dem- 
onstrate pyrogenic contamination in drugs is the in 
vivo pyrogen test in the rabbit. Rabbits react quickly 
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to the slightest pyrogenic impurity in an intravenously 
injected solution with an increase of body tempera- 
ture. The method of testing is described in detail in the 
relevant pharmacopoeias. While the description of the 
actual testing procedure hardly differs in the pharma- 
copoeias of the individual countries, distinct differ- 
ences exist as regards the evaluation of the results. 

The LAL (limulus amebocyte lysate) test, an in vi- 
tro pyrogen test, is a limited alternative to the rabbit 
test. The limits to the use of the LAL test are set by the 
fact that it is only able to specifically demonstrate bac- 
terial endotoxins. 



PRESERVATION OF PRODUCT QUALITY 
IN HOSPITALS AND PRACTICES 

After filling and sterilization, the CM undergo a final 
and thorough check for quality. Months or years may 
now pass before the products are actually used - a 
period in which the products are transported and 
stored under varying conditions. Finally, the vials or 
ampoules are opened or the stoppers are pierced; the 
CM solution is drawn up directly into syringes or auto- 
matic injectors. It may be infused through an infusion 
kit or be transferred to another container. The content 
of an ampoule or vial may be used up immediately 
after opening or, in the most unfavorable case, only 
after some time. 

Transport, storage and all the manipulations 
which take place in the course of the actual use may 
Impair the quality of a CM solution. A number of influ- 
ences to which the products may be exposed after the 
final control by the manufacturer have been simulated 
in the laboratory and examined for their effect on the 
quality of the solutions. In every case, the user should 
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recheck the criterion clarity of the solution immediate- 
ly before use (cf. also page 26, 37). 

Stability in long-term storage and at different 
temperatures 

One of the most important checks on CM solutions 
concerns the long-term stability. To ensure high qual- 
ity up to actual use, every effort is made to develop the 
CM formulation and to choose the container materials 
in such a way that storage under normal conditions is 
possible for up to 5 years since insufficient experience 
is usually available at the time a new product is intro- 
duced to be able to prove such sustained stability; an 
expiry date (e.g. 2 or 3 years) is stated as a precau- 
tion. 

The stability of CM is satisfactory at normal room 
temperature (15-25°C); there is no need to store the 
products in a cool place unless this is expressly men- 
tioned on the label. Some compounds can crystallize 
at temperatures close to freezing point, e.g. during 
transport in winter. The crystals are usually easily rec- 
ognizable and can be dissolved again In the un- 
opened vial or ampoule by warming up briefly to max. 
80° C. Contrast media generally tolerate such brief 
heating to this temperature without any problems, 
since they are heated to 121°C for 20 min after their 
manufacture for the purpose of final sterilization. The 
same naturally applies to warming the solution to body 
temperature before use to improve the tolerance. The 
subsequent sterilization of solutions from opened con- 
tainers is, however, not permitted. 

Although prolonged storage (for months or years) 
at higher temperatures (e.g. 30°C) does not usually 
lead to transgression of the limits set in the quality 
specifications, it should be avoided because of the ac- 
celerated degradation reactions compared to normal 



49 



pH value 
Free amine 
Iodide 
Color 

Content of active 
ingredient 



6.5-8.0 

^ 0 . 1 % 

< 75 pg/ml solution 

< oolor of comparison 
solution B5 or BG5 or G5 

^ 95-105% 



Table 9, Features of quality and their threshold 
values with Ultravist 240 as the example 



room temperature. It is not always pos- 
sible to recognize CM which no longer 
meet the quality specifications from their 
appearance. Typical analytical changes 
are a decreased pH value and an in- 
crease of anorganic iodide and aromatic 
degradation products. Discoloration, 
turbidity and sedimentation can be rec- 
ognized with the naked eye; these 
changes are an indication of imperfect 
quality. When stored correctly, i.e. protected from light 
and X-rays, and when observing the limits for storage 
temperature and duration, the critical values listed in 
table 9 will not be exceeded. Ultravist 240, Ultravist 
300, and Ultravist 370 are still stable even after a stor- 
age period of several years at temperatures of both 
20°Cand 30°C (table 10). 



Sensitivity to irradiation and iight: white giass, 
brown giass, and UV-protective foii 

X-ray contrast media are sensitive to light and, to 
some extent, also to irradiation. They should be stored 
in the dark and for only a limited time within the range 
of X-ray units. Although brown glass or UV-protective 





Storage 


Iodide 


pH 


value 


Substance 




period 


(pg/ml) 






content as % 






20’C 30C 


20*C 


30^C 


20‘C 


30’C 


Ultravist 240 


0 


1 


7.62 




100 




50 ml 


24 months 


6 11 


7.51 


7.50 


99 


99 


Ultravist 300 


0 


3 


7.52 




100 




50 ml 


24 months 


6 14 


7.34 


7.23 


99 


100 


Ultravist 370 


0 


3 


7.30 




100 




50 ml 


24 months 


13 35 


7.29 


7,09 


99 


99 



Table 10, Stabiltly data for a nonionic CM 



50 



Iodide pg/ml 
60 ^ 



foil protects the solution to a certain ex- 
tent from the influence of light, it has the 
big disadvantage that any particles 
which may occur (fragments of the stop- 
per, crystals) are less easy to recognize. 

It is for this important reason that con- 
tainers made of colorless glass are pre- 
ferred. Because the glass is colorless, 
however, it is especially Important that 
the outer packing (carton etc.) not be re- 
moved until shortly before use or that 
the CM be stored In a dark place, e.g. in 
a cupboard. During normal manipulation 
and use, exposure to light of normal 
room brightness (approx. 600 lux, cf. fig. 19) is not crit- 
ical, but exposure to sunlight must be avoided. 

The sensitivity to X-ray irradiation is quite low. Ir- 
radiation of up to 10 rd produced no relevant effect on 
either Urografin or Ultravist (table 11). 




6 7 8 9 10 

Days at 600 lux 



Fig. 19. Release of iodide from 3 different 
CM stored in a 50-ml clear glass vial and 
illuminated 





Description 

Color 


pH value 


Iodide 

(pg/ml) 


Free amine 
(%> 


Urografin 30% 
non irradiated 


clear, colorless 
solution; < G6 


6.63 


3.7 


0.006 


Urografin 30% 
1 rd irradiated 


unchanged 


6.62 


3.6 


0.004 


Urografin 30% 
10 rd irradiated 


unchanged 


6.62 


3.6 


0.006 


UltravisI 300 
non irradiated 


clear, colorless 
5olutior>; G6 


7.60 


2.5 


0.017 


Ultravist 300 
1 rd irradiated 


unchanged 


7,60 


3.2 


0.017 


Ultravist 300 
10 rd irradiated 


unchanged 


7.60 


3.3 


0,018 



Table 11. Influence of X-ray irradiation on CM solution 
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Tests for contamination with particles 

Particles in the X-ray CM solution must be avoided at 
all costs. They represent one of the most serious prob- 
lems in the manufacture and handling because X-ray 
CM - unlike most infusion solutions - are injected not 
only intravenously, but sometimes intraarterially into 
the vessels of highly sensitive organs [17]. 

After their production, CM are checked very care- 
fully for their content of the most minute particles. Par- 
ticles subsequently occurring in closed containers 
may be CM crystals which appear in individual solu- 
tions when kept at temperatures close to or below the 
freezing point. 

Vials showing flocculation must always be re- 
turned to the manufacturer. Crystals - when caused 
by storage at low temperature - can be dissolved 
again as described on page 26. 

Other sources of contamination with particles can 
occur upon removal of the CM from the original con- 
tainer [1 8]. One possible cause is fragmentation of the 
stopper material. The punching-out of particles of rub- 
ber and the formation of rubber shavings cannot be 
avoided with all certainty when rubber stoppers are 
pierced by cannulas. This also applies, of course, to 
the sticker of infusion kits, although the kits offered by 
some manufacturers are fitted with appropriate fluid 
filters. 

For testing purposes, the stoppers were fitted to 
normal vials and pierced with cannulas. After a total of 
20 stoppers have each been pierced 5 times, i.e. after 
100 piercings, the fragments are washed off, isolated 
on membrane filters and then counted. Comparative 
studies show that fragmentation is essentially depen- 
dent on the quality of cannula sharpening and on 
the caliber of the cannulas. The geometry of the stop- 
per, especially the thickness of the membrane where 
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the stopper is pierced, and the stopper elastomer, 
its content of filler and the hardness likewise have an 
influence on the rate of fragmentation, but far less 
than that of the cannulas. Handling also has a consid- 
erable influence, of course. As an example, care must 
be taken on multiple removal of doses that the can- 
nula is never inserted at exactly the same place twice. 
Since most of the CM are offered as so-called single 
dose preparations, however, this risk is avoided. 

Even the shape in which the cannula is ground is 
important. Only cannulas ground to an acute or mod- 
erately acute angle should be used for piercing stop- 
pers. Cannulas ground at an obtuse angle, e.g. those 
used as indwelling venous cannulas, increase the rate 
of fragmentation considerably. It goes without saying 
that the ground surface must be perfect. Cannulas 
which have become blunted, e.g. because they have 
been used several times and have hit against the bot- 
tom of the vial, are Inappropriate. 

The fragmentation rate obviously increases with 
the caliber of the cannula. Fragmentation of the stop- 
pers increases decisively between 16G and 18G can- 
nulas. 

There is a temptation to use a larger cannula in 
order to shorten the time taken to draw up the solution, 
particularly when, for example, 50 ml of a relatively 
viscous CM solution are required. However, It is also 
possible to reduce the viscosity by about a half by 
warming the solution to 37°C. Moreover, so-called 
combi stoppers offer the possibility of eliminating the 
need to pierce the stopper and. Instead, to remove it 
after tearing off the flanged cap. Of course, the solu- 
tion can then only be drawn up with a syringe or with 
the syringe of a high-pressure injector. In the interest 
of sterility, the solution should not be poured out over 
the lip of the vial. 
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Finally, there is also a possibility of particle con- 
tamination from syringes and catheters, and this is 
likewise very difficult to detect. 



Risks of microbial contamination 

Triiodinated CM were originally developed from 
antibacterial substances. The ionic CM still on 
the market display distinct antimicrobial activity at 
least in the customary high concentrations (from 
300 mg I/ml upward). This effect is attributable to 
two factors: 
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Growth-promoting effect of iopromide 
(Ultravist) on microorganisms 
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Fig. 20. Development of Candida albicans 
and Pseudomonas aeruginosa in aqueous 
solutions of a non ionic CM (Ultravist) at room 
temperature over a period of 14 days 
(incubation time) 



♦ the high osmolality and 

♦ a residue of chemotoxicity. 

In contrast, nonionic CM are a good cul- 
ture medium for fungi and bacteria be- 
cause of their chemical composition and 
tolerance [28]. 

The behavior of microorganisms In 
a nonionic CM solution was studied in 
various Ultravist solutions (fig. 20). Six 
specimens of different groups of micro- 
organism were used as representatives 
of a broad spectrum of pathogens. The 
risk of microbial multiplication and the 
spoiling of the product were simulated 
by artificial contamination in a model ex- 
periment: 

♦ Three out of 6 types of microorgan- 
isms grew In Ultravist solutions: 

- Pseudomonas aeruginosa (gram- 
negative-bacterium, rod-shaped 
bacillus) 

- Candida albicans (fungus, yeast) 

- Aspergillus niger (fungus, mold). 




♦ The growth of Staphylococcus aureus (gram-posi- 
tive bacterium, coccus) was inhibited. 

♦ The Ultravist solution displayed no effects on 
gram-positive, sporiferous bacteria: Bacillus sub- 
tilis (aerobic), Clostridium sporogenes (anaero- 
bic). Neither an increase nor a decrease of the 
germ count was demonstrable here. 



The risk of microbial contamination of the CM in the 
production zone can be kept low if, during the manu- 
facture, filling and sterilization, the time between mak- 
ing up the solution and the subsequent antimicrobial 
treatment Is kept as short as possible. 

The following advice applies to the use of nonion- 
ic CM In particular: 

♦ Careful avoidance of contamination of solutions 
and materials which come into contact with the 
solutions. 

♦ Opened vials and ampoules to be used up in the 
course of one examination session If possible; 
keep for no longer than one working day after 
opening or removal of the first dose. 

♦ All remains to be discarded at the end of a day to 
prevent their subsequent use. 

Microbial contamination of CM solutions can, of 
course, only be recognized macroscopically at a very 
late stage. The typical finding in the case of fungal in- 
fections is a cloud of suspended particles resembling 
a cotton swab (fig. 21). 



Transferring the contrast medium to sterile 
containers, disposable syringes, automatic 
injectors 

Apart from the primary container (vial, ampoule), CM 
almost invariably come Into contact with other ves- 




Fig, 21. Example of a microbiah 
ly contaminated contrast medi- 
um solution. About 10 yeast 
ceils were injected through the 
rubber stopper into the previ- 
ously sterile contrast medium 
vial arwl then kept for about 3 
weeks at room temperature. 
The development and mainte- 
nance of a fungal mycelium are 
pomoted by the viscosity of the 
solution 





sels, with syringes, tubes, catheters, injection needles 
etc. 

Transferring to sterile vessels. Some X-ray exam- 
inations must be performed under absolutely aseptic 
conditions. In these cases, the CM is transferred to, 
for example, sterile vessels, since the unsterile outer 
surface of the original container would be a possible 
source of contamination. Measures to be followed 
here are: 

# The CM solution should not be poured over the 
unsterile lip of the original container, but should 
be removed with a large-caliber cannula after 
complete removal of the stopper. 

# The solution should be covered to prevent drying- 
out with the formation of crystals. 

# The stability in an open container is, of course, 
limited to a short time; under no circumstances 
should solutions be returned to the original vial. 

Drawing-up into disposable syringes or high- 
pressure injectors. When CM solutions are being 
drawn up from the original container into disposable 
syringes or filled into the syringes of high-pressure 
injectors, there exists - as with all opened vials - 
the risk of microbial contamination and subsequent 
multiplication as well as the possibility that ingredients 
of the plastic material or plunger will diffuse into 
the CM solution [19]. In all cases it is recommended 
that the CM is not drawn up into the syringes until 
immediately before use. Unused solution should be 
discarded after the end of the working day. 

Table 12 shows a particularly unfavorable exam- 
ple. Constituents able to diffuse have been identified 
as 2-mercaptobenzothiazole and 2-hydroxyethylmer- 
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captobenzothiazole. They reach concentrations up to 
several pg/ml. 

Use of large-volume CM bottles 

For intravascular CM investigations large-volume, 
500-ml, bottles are sometimes used for reasons of 
economy, easier handling and the better protection of 
the personnel against radiation. The contrast media 
are administered with automatic injectors or infusion 
pumps which are filled from the 500-ml bottles using 
appropriate transfer systems. Intentionally unfavor- 
able conditions such as touching the surface of the 
stopper or the mini-spike with the fingers were created 
in carefully designed studies but only minimal conta- 
mination of the contrast media was found even then. 
No proliferation of micro-organisms in Ultravist® was 
observed within 24 hours [61 , 62]. Likewise, under the 
conditions of angiography no relevant microbial conta- 
mination had appeared by the end of the angiographic 
examination when Ultravist® was left In open vessels 
[63]. 



Hours 




pH 


0 


0 


6.8 


1 


0.05 


6.7 


2 


0,10 


6.3 


4 


0,16 


6.6 


7.5 


0,29 


6.2 


22 


0.5? 


6.3 


24 


0.58 


6.4 



Table 12. Alteration of an un* 
buffered aqueous solution in a 
disposable syringe caused by 
substances entering the solu- 
tion from me syringe material 
and which absorb at 280 nm 



Resterilization. The wish sometimes occurs to pro- 
duce a stock of dilute, nonproprietary CM solutions or 
to transfer CM to containers not supplied by the manu- 
facturer and to store them for prolonged periods of 
time. Resterilization of the solutions then becomes a 
consideration. It must be said In this connection that a 
freshly produced solution of a chemically sufficiently 
stable CM such as Ultravist is quite able to withstand a 
second heat sterilization (20 min, 121°C) without any 
serious signs of degradation. Resterilization cannot, 
however, be recommended under the conditions pre- 
vailing in practice (opening of the original container, 
unknown interaction with the new container, the effect 
of preceding, regular storage on the CM). Sterile-fil- 




tered solutions should likewise be used within 24 
hours of production, or else discarded. The newer CM 
make such good culture media that sterile filtration 
cannot be considered adequate as a method of steril- 
ization. 
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INTERACTIONS 



INFLUENCE ON LABORATORY TESTS 

The influence of different ionic and nonionic CM on the 
results of the determination of clinicochemical param- 
eters in serum and urine was examined systematically 
in the laboratory of Dr. Junge, Germany. For this pur- 
pose, reference sera (normal and pathological values) 
were mixed with up to 20 vol.% CM solution and urine 
with up to 50% CM solution. Higher concentrations 
than this are unlikely to occur even a very short time 
after a CM injection. 

It was found that measurement of the serum en- 
zymes GOT GPT, y-GT, AP, LDH, HBDH, CK, CKMB, 
ChE, GDH, amylase (with maltotetraose, Biomed) and 
lipase (Automatic Clinical Analyzer, Du Pont) Is not 
disturbed by Ultravist, Urografin (diatrizoate) or iohex- 
ol. Meglumine-sodium ioxaglate caused suppression 
of GPT. 

Similarly, the urinary enzymes y-GT, LDH, AAP, 
P-NAG and amylase were not or only slightly influ- 
enced by the CM mentioned. The specific gravity of 
urine increases after administration of iodinated renal 
CM. 

The determination of protein by means of the bi- 
uret method was not disturbed by Ultravist, but was 
sometimes greatly disturbed by other CM; on the oth- 
er hand, the measurement of protein in urine using the 
ponceau-S method was not affected. 

The determination of the substrates BUN, creati- 
nine, uric acid, bilirubin (direct and Indirect), glucose, 
cholesterol and triglycerides was not recognizably af- 
fected by Ultravist. In contrast, other CM caused devi- 
ations - some marked - in individual parameters. 

Measurement of the electrolytes (particularly iron 
and copper) was affected by all the CM tested and 
very much so by some. 
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In case of doubt, the samples for serum or urinary 
analysis should be obtained either before CM admin- 
istration or at the earliest 24 hours afterwards. In pa- 
tients with severe renal failure, it may be necessary to 
wait even longer because of the delayed elimination. 

All tests concerning the thyroid gland can be dis- 
turbed for far longer than 24 hours by the iodide ad- 
ministered with the CM. The ability of the thyroid 
tissue to take up radioisotopes for the diagnosis of 
thyroid disease is reduced by iodinated renal CM for 
2-6 weeks. 

Urographic CM affect laboratory test results least, 
and orally administered cholegraphic agents and iodi- 
nated oily CM have a longer-lasting effect. 



INTERACTION WITH MEDICINES 

To date, some interactions of CM for urography, an- 
giography and CT with medicines have been de- 
scribed in association with clinical use. Since these 
CM bind hardly at all to plasma proteins, cause no in- 
hibition of enzymes, are not themselves subject to me- 
tabolism and are not absorbed enterally, such interac- 
tions are also extremely improbable. 

In tumor patients who have been treated with inter- 
leukin-2, a higher frequency of side-effects has been ob- 
served after administration of ionic and non-ionic con- 
trast media. These side-effects manifested themselves 
as fever, nausea, vomiting, skin reactions, diarrhea 
etc. [35, 36]. On the other hand, buscopan appears to 
have no influence on contrast media tolerance [12]. 

Due to the risk of lactate acidosis it was originally 
recommended that the treatment with biguanides 
(Glucophage®, Metformin) should be withdrawn two 
days before the application of intravascular x-ray con- 
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trast media in order to avoid the accumulation of the ex- 
clusively renally excreted Metformin should contrast 
medium-induced renal failure occur. This objective 
would, however, also be achieved if the biguanide 
therapy were to be withdrawn from after the admini- 
stration of the contrast medium until it has been ascer- 
tained that the kidney function has not been impaired 
by the examination with a contrast medium [64]. 

A variety of pharmaceutical substances have 
been tested in animal-experimental studies for their 
influence on the acute tolerance of CM. Even here, 
interactions were seldom found which could be pre- 
sumed to be of any clinical relevance [20, 21]. 

In cardioangiography, there is a possibility that 
the cardiodepressive effect of ionic CM caused by cal- 
cium binding will be intensified by calcium blockers 
(verapamil) [22]. 

The literature contains a reference to the possibi- 
lity of complications if Isovue 370 is used concomitant- 
ly with papaverine in angiography. In one case throm- 
botic occlusion of the arterial circulation in the lower 
extremities which could not be alleviated with conti- 
nuous urokinase infusion was observed [65]. 

Patients with cardiac insufficiency and renal dys- 
function undergoing angiography should not be given 
furosemide (diuretic) - even with large quantities of 
liquid. Patients who received 110 mg furosemide ad- 
ditional to 3 liters of fluid exhibited a creatinine rise 
from 145 ± 13 to 182 ± 16 pmol/L, whereas the con- 
trols without furosemide showed no rise [66]. 

There are also indications that neuroleptic 
agents (chlorpromazine) potentiate the normally only 
slight epileptogenic effect even of nonionic CM in 
myelography [23]. 

Cholegraphic agents bind to plasma proteins and 
are eliminated with the bile via an active transport 
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mechanism which is limited in its capacity. They are 
able to displace drugs and endogenous substances, 
as long as they have the same properties. In this way, 
the concentrations of free drug in plasma can be in- 
creased by the simultaneous administration of biliary 
CM and their excretion delayed to some extent. 

The absorption of oral cholegraphic agents pre- 
supposes their passage from the stomach into the 
bowel. Drugs which affect the gastric passage, there- 
fore, simultaneously alter the rate of absorption of CM. 
The same effect is likely in the case of substances or 
foodstuffs which have an influence on the absorption 
of pharmaceutical substances from the bowel (e.g. 
carbon, gel-forming substances, fats, coffee etc.). 



INTERACTION OF CONTRAST MEDIA WITH 
ADDITIVES AND DURING INTERVENTIONAL 
PROCEDURES 

In the course of some diagnostic or interventional ra- 
diological measures, the X-ray contrast media are 
treated in a special manner, mixed with therapeutics 
or come into contact with locally high concentrations 
of equally undiluted drugs in the body. In such cases, 
it is possible that precipitations of the contrast medi- 
um, the therapeutic, both together, the inactivation of 
drugs or other undesirable and sometimes hardly pre- 
dictable effects could occur (Table 13). 

EFFECTS ON BLOOD COAGULATION 

Nonionic contrast media resemble the ideal of com- 
pletely pharmacologically inert substances much 
more closely than ionic contrast media. Ionic contrast 



Ionic CM 



Non ionic CM 



Heating of the contast medium 
upto lOOXe.g. 
for embolization 


possible 


possible 


Mixing with ethanol 


? 


passible 


Mixing before injection 


Papaverine"^ 


precipitation 


remains dear 


Tolazoline^^* 


precipitation 


remains dear 


Diphenhydramine"^ 


precipitation 


remains clear 


Prostaglandin 


remains dear 


remains clear 


Pheniramine'^* 


remains dear 


remains clear 


Cimetidine** 


precipitation 


remains clear 


Na-Heparin"> 


remains dear 


remains dear 


Protamine*^ 


precipitation 


remains dear 


Vasopressin"^» 


remains dear 


remains dear 


Adrenaline** 


remains clear 


remains dear 


Hydrocortisone Na -succinate** 


remains dear 


remains clear 


Methylprednisolone Na-sucdnate"* 


remains clear 


remains clear 


Udocaine'^* 


remains dear 


remains clear 


Diazepam 


precipitation 


remains clear 


Nitroglycerin^* 


remains dear 


remains dear 


Ampicillin** 


remains clear 


remains clear 


Erythromycin"* 


remains clear 


remains clear 


Gentamicin** 


remains clear 


remains clear 


Chloramphenicol* 


remains clear 


remains clear 


Urokinase 


remains clear 


remains dear 



‘ 50% loss of efficacy with Ultravist added corresponding to 1 70 mg t/mi or Isovist 300 mg l/ml 
a) [37] b)[38] 0(67] 

Table 13. Data on interactions found in the literature 



media inhibit the enzymes involved with blood coagu- 
lation as well as other processes more strongly than 
nonionic X-ray contrast media. 

Ionic X-ray contrast media are 

♦ more toxic 

♦ more anticoagulative 



Sample 


Coagulation time 
in sec. 


Plasma without additives 


11 (tO.5-10.9) 


Plasma + physio!. NaCI 


12 (11.9-12.0) 


+ Angiografin 


68 (68.M9.5) 


+ Ultravist-300 


17 (16.4-16.8) 


Table 14. Determination of the thromboplastin 
time of human plasma without and with the addi- 
tion of 25 volume percent test solution; 
n = 4. mean and 95% confidence limits 



mm^ blood clot on the filter 




Fig. 22. Size of blood clots after 90 min. 
Incubation of 2 ml human blood in 10 ml plastic 
syringes with 5 ml test solution; not mixed, 
maximum contact surface 
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Nonionic X-ray contrast media are 

♦ better tolerated 

♦ less anticoagulative 

The anticoagulative effect of contrast 
media is viewed by some radiologists as 
additional protection against the occur- 
rence of thrombi during imperfect perfor- 
mance of catheter angiography. Con- 
trast medium residues in the catheter lu- 
men or even in syringes should prevent 
the receding blood from coagulating. 

Laboratory examinations have 
shown significant differences in the anti- 
coagulative effect of ionic (e.g. Angio- 
grafin) and nonionic contrast media 
(Ultravist) (table 14). 

By adding small quantities of hepa- 
rin to nonionic X-ray contrast media, an 
effective inhibition of blood coagulation 
can be achieved which is similar to that 
which is characteristic of ionic contrast 
media (fig. 22). It was shown that 5 lU 
heparin/ml Ultravist is sufficient to com- 
pletely suppress the formation of throm- 
bi under standard experimental conditions. Even with 
a volume of 300 ml heparinized contrast medium, no 
systemic anticoagulative effects should be expected. 
The good tolerance of the nonionic contrast medium 
remains unchanged. 

Handling is similar to the preparation of hepar- 
inized physiological NaCI solution, which is used to 
rinse the catheter during an examination: the heparin 
is added to the contrast medium immediately before 
administration. The minimal dilution of the contrast 
medium has no effect on the contrast. Thorough mix- 



Solution 


Immediately 


2 h pre- incubation 


4 h pre-incubation 




after addition 


heparin/CM 


heparin/CM 


Physiological NaCI 


7 






Ultravist 


11 






Ultravist-300 








+ Heparin “Novo” 


30 


29 


23 


+ Heparin “Medac" 


30 


30 


26 


+ Thrombophob "Nordmark” 


36 


32 


33 


+ Heparin-Na “Braun” 


44 


36 


34 


+ Liquomin “HLR” 


36 


23 


32 


+ Heparin-Ca “Radiopharm” 


37 


no coagulation 


no coagulation 


+ Heparin-Ca “Braun’' 


21 


99 


108 



Table 1 5* Thromboplaslin time of human plasma with the addition of 25 volume percent test 
solution (n = 3, mean values); heparin concentration 5.66 LU./ml solution 



ing is necessary because of the difference in densi- 
ties. 

The stability and anticoagulative effect of the con- 
trast medium was tested 4 hours after preparation. 
No change was seen with Na-heparin; Ca-heparins 
showed an increase in effect with time (table 15). 
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RISKS OF CON- 
TRAST MEDIA USE 



The object of CM is to help to visualize certain struc- 
tures in the organism or also to provide information 
about organ functions. An important prerequisite for a 
CM is low toxicity and safe use, since CM are often in- 
jected in high dosages and, for certain purposes, very 
quickly. 



IONIC CONTRAST MEDIA 

Extensive statistics are available on the side effects of 
ionic CM. The Incidence of reactions depends on a 
large number of factors, such as the patient’s condi- 
tion, the kind of examination (table 1 6), the type of CM, 
its dose and also the conditions under which the ex- 
amination is being conducted. Special attention has, 
of course, been devoted to the frequency of severe 
and fatal CM incidents. The available statistics (table 
17) diverge greatly. Common to all of them, however, is 
the finding that, with the ionic preparations, even fatal 
CM incidents are not very rare events compared with 
the frequency of use of these substances. 



Kind of examination 


No. of patients 


Incidence of 
side effects {%) 


No. of deaths 


Urography 


214033 


10257(4.80) 


11 


Cholangiography 


33778 


2676 (8.00) 


2 


Cerebral angiography 


12771 


263 (2.06) 


1 


Angiocardiography 


7911 


179 (2.26) 


2 


Aortography 


24865 


665 (2.67) 


1 


Other angiographies 


2815 


101 (3.58) 


0 


Venography 


5890 


160 (2.72) 


1 


Total 


302 083 


14301 (4.73) 


18 (0.006%) 



Table 16, Incidence of side effects in various CM examinations (32), ionic CM exclusively 
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NONIONIC CONTRAST MEDIA 

Nonionic contrast media are much bet- 
ter-tolerated than ionic contrast media in 
many ways (table 1 8). A number of trials 
have investigated especially the fre- 
quency of general reactions after Intra- 
venous administration of nonionic X-ray 
contrast media (table 19). Some of 
these investigations have been per- 
formed in comparison to conventional 
Ionic X-ray contrast media. A sufficient 



1 : 1 16000 Pendergrass, USA 1 960 

1: 85000 Toniolo. Italy 1966 

1: 61 000 Wolf romm. Franc© 1966 

1: 40000 Ansel*. U.K. 1970 

1: 53000 Fischer, USA 1972 

1: 30000 Witten. USA 1973 

1: 10000 Shehadi, USA 1975 

1: 20000 Shehadi, USA 1980 

1 : 75000 Hartmann. USA 1982 



Table 17, Risk of death with i.v. urography 

number of 



cases were examined to make statements regarding 
the frequency of severe reactions. At this point, it is 



not possible to make statements about the frequency 



T poorly tolerated A much better tolerated # no significant difference or difference 

not proven 



General reactions 
(nausea, vomiting, 
allergoid side-effects, 
some cardiovascular 
reactions) 


Conventional ionic 
RCM 

▼ 


Low osmolar ionic 
RCM 

▼ 


Neural tolerance 


T 


▼ 


Osmolality-dependent 
effects (pain, vasodilation, 
bradycardia, diuresis etc.) 


▼ 


A 


Calcium binding 


(cardiodepression) 


T 


▼ 



Non- ionic 
RCM 



A 

A 



A 



General renal tolerance. Iv. 



Renal arteriography T • A 

Table 18. Differences in tolerance between the individual types of X-ray contrast media for uro- 
graphy, angiography and CT 



67 




Nonionic C M Si de -effects I on ic CM S ide-eff ects 



Trial 


total 


severe/ 
very severe 


total 


severe/ 
very severe 


Schfott 139] 
50,660 cases 


2.1% 


0.01% 






Palmer [40] 

30,268 nonionic cases 
79,270 ionic cases 


1.2% 


0.02% 


3.8% 


0.09% 


Katayama [33] 

168,363 nonionic cases 
169,284 ionic cases 


3.1% 


0.004% 


12.7% 


0.04% 



Table 19. Frequency of side-effects during intravenous injection of nonionic and ionic x-ray con- 
trast media (severe/ very severe reaction requires ttiat the patient be immediately hospitalized) 



of deaths related to the use of nonionic contrast 
media. However, it is very likely that nonionic X-ray 
contrast media are less frequently related to fatalities 
as life-threatening conditions (unconsciousness of the 
patient, conditions requiring an anesthetist etc.) occur 
much less often. 

On the other hand, it must be observed that all of 
the known types of side-effects associated with ionic 
contrast media can also occur during the administra- 
tion of nonionic contrast media. Only the frequency 
has actually changed. One must, therefore, always be 
prepared to treat contrast media reactions. 



DELAYED REACTIONS 

Following the introduction of nonionic contrast media, 
reactions have been reported which are first noticed 
hours or even days after contrast media administra- 
tion. A comparative study (Conray as the ionic con- 
trast medium and lopamidol as the nonionic contrast 
medium) showed a somewhat greater frequency for 
the symptoms erythema and possibly parotitis after 
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administration of lopamidol. The total number of de- 
layed reactions was the same for both contrast media, 
however [39]. 

Another comparative study (lohexol and lopami- 
dol) performed by computer tomography involved 
2382 patients. Reactions delayed by up to 2 days 
were twice as common as reactions occurring in the 
first 30 minutes. Headache and rash were the most 
frequent delayed reactions. Although all delayed reac- 
tions were mild In their intensity the attending phys- 
ician should draw the patient’s attention to the possibi- 
lity of delayed reactions [69]. 

A greater frequency of allergy-like delayed reac- 
tions has been observed in intravascular administra- 
tion of nonionic dimeric X-ray contrast media. These 
also included severe events lasting for several days 
and requiring therapy. They were, however, rare. The 
causes, risk factors, mechanisms of action and the 
actual frequency especially of severe delayed hyper- 
sensitivity reactions remain unknown despite con- 
certed efforts to clarify them. The current state of 
knowledge has been the subject of special symposia. 

The German health authorities have initiated a 
graduated plan for the intravascular administration of 
dimeric nonionic contrast media and have introduced 
restrictions on their use. 



CAUSES OF CONTRAST MEDIA REACTIONS 

Contrast media side-effects generally cannot be ex- 
plained by a single mechanism [24]. The type of con- 
trast-giving substance and its particular pharmacolog- 
ical properties, the examination technique employed, 
such as the size of the dose and the mode of adminis- 
tration, and finally, the patient’s apprehension, are all 
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regarded as important contributory factors. CM side 
effects can be classified in several ways, but the most 
appropriate is by their cause. 

Classification by cause: 

# General or largely dose-independent CM reac- 
tions (anaphylaxis). 

# Chemotoxic, local and cardiovascular effects, 
side effects dependent on the dose. 



GENERAL REACTIONS 
(ANAPHYLACTOID REACTIONS) 

General or CM reactions can range from mild reac- 
tions, such as urticaria, via moderately severe reac- 
tions, such as bronchospasm, and severe reactions, 
such as collapse or even cardiac arrest, to a fatal out- 
come. Severe and fatal reactions are rare. The mortal- 
ity reported for conventional ionic CM is one in every 
10,000 to 100,000 patients. 

In 1 997 the adverse events in response to the ad- 
ministration of X-ray contrast media spontaneously re- 
ported to the US Food and Drug Administration 
between 1978 and 1994 were published [71]. The 



Intensity of adverse events 


lonk: RCM 

Frequency of adverse events 
(%) 


Non ionic RCM 

Frequervcy of adverse events 
(%) 


Mild /moderate 


18,400 (88.4%) 


3586 (81,2%) 


Severe 


1737(6.3%) 


626 (14.2%) 


Fatalities 


685 (3.3%) 


204 (4.6%) 


Total 


20J22 (100%) 


4416(100%) 



Table 20. Adverse events following intravascular injection of X-ray contrast media spontaneously 
reported to the Food and Drug Administration (USA) between 1 978 and 1 994 [71 ] 
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frequency of reported adverse events 
cannot be unquestioningly related to the 
frequency of use of contrast media. It is 
noticeable, however, that the ratio of 
mild and moderate to severe adverse 
events and to the number of fatalities re- 
ported under ionic and nonionic agents is 
almost the same (table 20) and that the 
annual number of severe, not fatal 
events reported in the years 1992-94 
under the nonionic agents was not higher 
than under the ionic agents (fig. 23), al- 
though the nonionic preparations were 
used more often and were preferred in 
high-risk patients and higher-risk exami- 
nations. 

These reactions may occur in any patient without 
any warning whatsoever. Because of this, the examining 
doctor must be prepared for all emergency measures, 
such as medicinal therapy and artificial respiration. 

General or CM reactions have little or nothing to 
do with the osmolality of the CM. They can occur after 
administration of very small amounts of diluted and 
even Isotonic CM. They are observed most frequently 
after i.v. administration, but also in arteriography and 
other examination procedures. 

The following have been suggested as the mech- 
anisms for general or CM reactions: 

♦ An effect on plasma protein, the complement 
system, blood coagulation and/or the vascular 
endothella, 

♦ an effect via the central nervous system and 

♦ a cross-reaction of the CM with antibodies which 
were not, however, originally formed against 
the CM. 



No. of adverse evems 




Annual reports 



Fig. 23* Spontaneous annual reports to the 
FDA (USA) of severe non-fatal x-ray contrast 
media adverse events (1 979-1994), 

A = high osmolar RCM, B = low osmolar ionic 
RCM, C = nonionic RCM, D = total P'1 ] 
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PROPHYLAXIS OF GENERAL REACTIONS 



2 tablets methylprednisolone 
16 mg 

Hi blocker: Dimetindene 
maleate; intravenous injection 
of 0.2 mg/kg b.w. 

H 2 blocker: Cimetidine; intrave- 
nous injections of 5 mg/kg b.w. 



In the meantinne, it is regarded as confirmed that non- 
ionic CM cause such reactions considerably less fre- 
quently than ionic CM and, in particular, less frequent- 
ly than the low-osmolar, ionic compound meglumine- 
sodium ioxaglate [33, 34]. 

In many cases, nonionic CM are tolerated without 
symptoms even by patients who have exhibited re- 
peated and predictable reactions to the injection of 
ionic CM [4, 29]. 

In recent years, a prophylactic effect in respect to 
general CM reactions after administration of conven- 
tional ionic as well as nonlonic preparations has been 
demonstrated for certain therapeutic regimes, e.g. the 
oral administration of 32 mg methylprednisolone* 
6-12 and 2 hours before the examination or the com- 
bined administration of Hi** and H 2 *** blockers [30, 
31]. The prophylaxis consists in a reduction of the fre- 
quency of anaphylactoid reactions, but in no way are 
such reactions definitely ruled out by the suggested 
measures. It can also not be expected that the fre- 
quency or severity of any reactions other than anaph- 
ylactoid side effects (e.g. neural, renal, most cardio- 
vascular reactions or pain) will be reduced by prophy- 
lactic treatment of the patient with corticoids or hista- 
mine receptor blockers. 

With patients at risk (allergic and cardio-pulmo- 
nary patients), the prophylaxis with Hi and H 2 blockers 
leads to a significant reduction in the frequency of 
side-effects, even using nonionic X-ray contrast me- 
dia; patients without risk factors received no benefits 
from the prophylaxis [40]. 

What is certain is that calm and assured manage- 
ment of the patients and distraction of their attention 
during the examination can help to avoid side effects. 



DOSE-DEPENDENT SIDE EFFECTS 



The distinctly dose-dependent side effects are, for ex- 
ample, a sensation of pain and heat, circulatory distur- 
bances and renal damage. These side effects are at- 
tributable to the osmolality and pharmacological ef- 
fects, and it is not always possible to differentiate 
between these two components. 

Nonionic CM all have a distinctly lower osmolality 
than conventional ionic contrast agents and have 
among others therefore replaced ionic contrast media 
to a significant degree. 

The advantages of nonionic CM are especially 
obvious In: 

♦ Pain-intensive applications, since the osmolality 
is the main factor as regards the painfulness of a 
contrast medium. 

♦ Angiographic examinations with high dosages 
caused by a number of single injections, e.g. car- 
dioanglography, femoral arteriography, the dem- 
onstration of several vascular regions with con- 
ventional arteriography, l.v. DSA and angioplasty. 

The kidney, which is still eliminating the CM several 
hours after the examination. Is regarded as the critical 
organ in such examinations. The influence of the non- 
ionic CM Ultravist on renal function was examined in 
various clinical trials. Renal function was not recogniz- 
ably impaired in any of the patients examined. 

The cardiovascular effects of conventional ionic 
CM are largely attributable to their high osmolality: 

♦ Vasodilatation, reduction of the peripheral resis- 
tance and a decrease of blood pressure. 

♦ Hypervolemia. 

♦ Bradycardia in cardioangiography. 
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Nonionic CM influence the function of the heart and 
circulation only in exceptional cases. 



PROPHYLAXIS AND THERAPY OF SEVERE 
IODINE-INDUCED HYPERTHYROIDISM 

When iodinated CM are administered, a healthy thy- 
roid gland can adjust to an iodine surplus In a host of 
ways without increasing hormone production. 

In a diseased organ, these selfregulating mecha- 
nisms can fall to function. In this way, a diagnostic or 
therapeutic iodine administration can result in severe 
metabolic dysfunctions such as decompensated hy- 
perthyroidism and thyrotoxic crisis. At special risk are 
goiter patients (struma) and generally patients with hy- 
perthyroidism. For this reason, iodinated CM should 
not be applied before hyperthyroidism is excluded. 

According to our present state of knowledge, the 
risk that hyperthyroidism will develop Is not diminished 
by nonionic CM such as Ultravist. The risk of hyperthy- 
roidism is exclusively determined by the iodine and/or 
iodide contents of the CM. Osmolality and possible 
chemically toxic properties do not play any role. The 
renal, water-soluble, ionic and nonionic X-ray CM - as 
a result of the way they are produced - contain only 
traces of iodide and very little of the stably chemically 
bonded iodine is separated off in the organism. Never- 
theless, even these small amounts can result In further 
deteriorating the functioning of a severely damaged 
thyroid gland (e.g. with manifest hyperthyroidism). 

A peculiarity of Iodine-induced hyperthyroidism is 
the fact that deterioration customarily does not occur 
immediately but weeks or months after the iodine is 
administered. If diagnostic measures make it essential 
to use iodinated CM in a patient with hyperthyroidism. 
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a combined prophylactic treatment of perchlorate and 
carbimazole (or thiamizole) should be undertaken. 
The administration of perchlorate (3 x 300 mg daily, 
from 1-2 days before until 1 week after CM adminis- 
tration) inhibits the absorption of iodine by the thyroid 
gland; the administration of methimazole simulta- 
neously blocks hormone synthesis (2 x 20 mg thiami- 
zole daily, from 1-2 days before until 2-3 weeks after 
CM administration). 

The longer retention times of biliary CM require a 
further 3 weeks of treatment with half the dose of thi- 
amizole (carbimazole). 



RENAL DAMAGE 

Ionic and nonionic contrast media which are used in 
urography, angiography and computed tomography 
are eliminated mainly via the kidneys. Isolated cases 
of diminished kidney function up to and including 
acute renal failure following intravenous as well as ar- 
terial contrast media administration have been de- 
scribed in the literature. 

However, the risks related to intravenous ad- 
ministration to patients without obvious risk factors 
has been, to some extent, exaggerated in the past. In 
systematic comparison studies [41 , 42], it was shown 
that spontaneous changes in kidney function in pa- 
tients who had received no contrast media were not 
significantly less common than in patients receiving 
contrast media, e.g. for computed tomography. 

Renal insufficiency 

When ionic CM is administered intravenously in uro- 
graphy to patients with healthy kidneys, deterioration in 
renal function is hardly ever observed; it is, however. 
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somewhat more frequent in those with renal insuffi- 
ciency. Deterioration is defined as an increase of 1 
mg/dl in serum creatinine. More recent nonionic CM 
are well tolerated by the kidneys of patients with re- 
duced renal function - e.g. after administering iopro- 
mide intravenously - and demonstrated in several 
trials no clinically relevant changes in the parameters 
describing renal tolerance: serum creatinine, creati- 
nine clearance, and urinary protein. 

In arteriography, part of the CM can flow directly 
into the kidneys almost undiluted. Under these condi- 
tions, impairment of renal function Is more likely, even 
though nonionic CM have been better tolerated, espe- 
cially In renal arteriography, than ionic CM. 

Plasmocytoma 

Disturbed renal function is found in a high percentage 
of patients with multiple myeloma. Isolated instances 
of acute renal failure in myeloma patients following 
urography have been reported in the literature. Almost 
all of these patients presented additional risk factors 
prior to treatment, such as severe dehydration and/or 
sepsis. In addition, almost all of the urographic exam- 
inations were conducted with diiodinated CM, which 
was previously customary. However, in more recent 
retrospective studies on patients with confirmed mul- 
tiple myeloma who underwent intravenous urography, 
no temporal connection could be established between 
an increase in substances normally contained in the 
urine and the administration of CM. In the opinion of 
experts, given adequate hydration and the use of 
modern CM, plasmocytoma does not represent an a 
priori contraindication for CM administration. Rather, 
more recent studies list the principal risk factors for 
acute renal damage In patients with multiple myeloma 
as hypercalcemia, dehydration, infections and Bence 
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Jones proteinuria [73]. In patients with serum creati- 
nine values above 2 mg%, urography should no long- 
er be performed. 

Diabetes mellitus 

Proteinuria and increase In serum creatinine in a dia- 
betes mellitus patient requiring insulin indicate an ad- 
vanced case of diabetes glomerular sclerosis. Given 
CM administration, deterioration in renal function in 
such a patient must be considered more likely. Acute 
renal failure in a diabetes mellitus patient occurs as a 
rule only in the case of severe proteinuria (300 mg/24 h). 
In this condition, the modified composition of urine 
tends to precipitate in the presence of CM, a potential 
cause of tubular blockage. 

Prophylaxis 

Patients with risk factors in regard to renal tolerance of 
the contrast medium, i.e. with 

♦ limited renal function and simultaneously 

♦ a long history of insulin-dependent diabetes mel., 

♦ cardiac insufficiency 
^ and advanced age, 

should not receive high doses of intravascularly ad- 
ministered contrast media. With ultrasound, magnetic 
resonance imaging and arterial digital subtraction an- 
giography, there is a sufficient number of alternative 
procedures which can avoid or diminish the use of X- 
ray contrast media. 

The following prophylactic measures are recom- 
mended to reduce the risk of renal damage [44]: 

♦ sufficient consumption of liquids 

♦ avoid multiple examinations with X-ray contrast 
media during periods of only a few days 
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# discontinuation of medications which could also 
cause renal damage 

A recommendation for medicinal prophylaxis ade- 
quately confirmed by clinical studies cannot at present 
be made [74]. Indications of a prophylactic effect are 
known primarily for theophylline [75]. 



PREGNANT PATIENTS 

The use of CM during pregnancy has not yet been 
proven to be harmless although toxicological studies 
in animals or clinical experience do not Indicate any 
particular risk. Since exposure to radiation should be 
avoided if at all possible during this period, the poten- 
tial risks of any X-ray examination must be given care- 
ful consideration. 



BREAST-FEEDING MOTHERS 

Renal CM and i.v. cholegraphic agents hardly enter 
into a mother’s milk. They are barely reabsorbed in 
breast-feeding so that one can assume that there is no 
danger to the Infant. Even with oral cholecystographic 
agents the exposure of the infant is minimal. 



PHEOCHROMOCYTOMA 

In patients with pheochromocytoma, X-ray examina- 
tions are often undertaken prior to surgery in order to 
determine the position, size, and number of tumors. 
Such examinations are not totally without risk to pa- 
tients. In angiography, especially in selective CM in- 
jection into tumor vessels, a spontaneous release of 
massive amounts of catecholamine into the blood- 
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stream can occur, a reaction we are already acquaint- 
ed with from other situations of stress. This results in a 
hypertonic crisis. A critical drop in blood pressure rep- 
resents a much more unusual, but more serious inci- 
dent. Diagnostic intervention should only be made on 
pheochromocytoma patients after individually dosed 
treatment with alpha-adrenergic receptor blockers for 
a sufficient length of time (10-14 days). 



SICKLE-CELL ANEMIA 

In sickle-cell anemia patients, some erythrocytes con- 
tain the abnormal hemoglobin S. If O 2 pressure Is low- 
ered or blood osmolality is raised, HbS-containing 
blood corpuscles take on an inelastic, stretched-out 
form. These erythrocytes can no longer pass through 
capillaries as easily, which can lead to stasis and to 
different forms of organ damage. 

Administering CM to such patients is not without 
its problems. The greatest risk is produced by intra-ar- 
terial CM injection, especially In high doses, as is the 
case in cerebral and cardiac arteriography. In in vitro 
studies, the effect of ionic and nonionic CM were com- 
paratively examined In terms of sickle-shaped chang- 
es In erythrocytes. It turned out that nonionic CM 
cause such changes significantly less often. 
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DRUGS AND MEASURES 
FOR THE TREATMENT OF A 
CONTRAST MEDIUM REACTION 

A major prerequisite for working with CM is a constant 
preparedness for the treatment of CM reactions. This 
includes the availability of trained medical personnel, 
the necessary equipment and appropriate drugs. In 
Table 21 suggestions for the treatment of CM reac- 
tions are offered. Most of these charts also mention 
suitable drugs which should always be ready to hand. 
A corresponding compilation was published by Bush 
and Swanson [45]. CM reactions are very rare particu- 
larly with the new, nonionic preparations; however, the 
need to be prepared for their treatment should 
never be neglected. One easily overlooked point to 
note is the expiry date on the preparations to be used 
for the treatment of such reactions. 
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Notes on the prophylaxis and therapy of X-ray contrast medium reactions 

A Risk factors and prophylactic measures on use of X-ray contrast media 



Compiled by; 

Prof. Dr. K. Sleinbereiltir>er, 
University Clinic for Anesthesia and 
General Intensive Care, 

Sprtalgasse 23. 1090 Vienna 



and 

Prof. Dr. M, Reiser. 

Klinikem Grosshadem. Munich University. 
Institute for Radiodiagnosis. 
Marchioninisir. 15. 01377 Munich 



Preconditions for an intravascular injection of contrast medium arer 



e Explanation to the patient about the method 
and risks 

# Anxiety-free examination atmosphere 
e Establishment and prophylaxis of risks 
e Adequate fluid intake 



♦ Availability of equipment and drugs for the 
treatment of incidents 

♦ Alarm plan 

e Experience in cardiopulmonary resuscitation 

♦ Availability of venous access (at least in 
high-risk patients) 

4 Patient in the prone position whenever possible 



Risk factors 

♦ Known hypersensitivity to X-ray contrast 
media 

^ Allergic diathesis - atopia {eczema, 
urticaria, neurodemiatttis. asthma, 
food allergy, pollinosis) 

♦ Hyperthyroidism, nodular goiter 

# Severe cardiovascular disease (heart 
failure, coronary sclerosis, recent 
infarction, pronounced arrhythmias, 
severe hypertension etc.) 

# Reduced general condition, exsiccosis 

# Severe impairment of kidney function 

♦ Severe impairment of liver function 

# Severe diabetes meltitus 

^ Severe pulmonary disease (respiratory 
Irksufficiency. pulmonary hypertension, 
puinwiary embolism etc.) 

# Cerebral injury (fresh cerebrovascular 
insuK. convulsions, cerebrocranial trauma) 

♦ Paraproteinemias (WakJenstrdm’s disease, 
plasmocytoma etc.) 

# Pheochromocytoma (risk of hypertensive 
crises) 

♦ Age more than 65 years (muttimorbidity). 
babies, infants 

# Excessive anxiousness 

♦ Reexposure to contrast medium at short 
intervals 

^ Beta-blocker medication: bronchospasm, 
tender>cy towards therapy- resistant 
bradycardia possible 

♦ Long-term administration of calcium anta- 
gonists with ter>dency towards bradycardia 
and/or vasodilatation 

^ Chemotherapy with inierfeukin-2 and/or 
interferon 

^ T reatment with biguanide-type anti- 
diabetics (impairment of kidney function, 
risk of iactate acidosis) 

^ Sickle cell anemia 



Prophylactic measures in high-risk patients 

♦ Nilbynnoulh 

4 Use nonionic contrast media, low-dosed 
^ Premedication with antihistamines; 

HI beta-blocker clemastine 2-4 mg (1-2 amp. 
TavegiP) or dimetindene maleate AS mg (1-2 am. 
Fenistil*) slowly i.v. 10-15 min. before contrast 
medium administration 

H2-bk>cker cimetidine 200-400 mg (1-2 amp, 
Tagamet*) slowly Lv. or as short infusion in SO ml 
0.9% NaCI solution 

♦ Premedication with glucocorticoids 

orally: methylprednisoione (e.g. Urbason* 40 rng 
1 tablet each time) 24 h. 12 h and 2 h before contrast 
medium administration 

Lv.: prednisolone (Sdudecortin*) or methylpredrtiso- 
lone (Urbason* soiubiie) 

250 mg at least 30 min., better 2 h before contrast 
medium administration 

♦ Stabilization of the cardiovascuiar system 

♦ Normalization of fluid and etecirolyte balance 

^ Avoidance of potentially nephrotoxic drugs (e.g. norv 
steroidal anti rheumatics, aminoglycosides, amphote- 
ricin B. dsplatinum, cyclosporin, metformin) 

♦ Possibly sedation with diazepam (Valium*) 10 mg 
p.o, or midazolam (Dormicum^*) 7.6-1 5 mg p.o, or 
2.5-5 mg slowly Lv. Caution: respiratory depression 

♦ In thyroid autonomy; sodium perchlorate (Irenat*) 
before (40 drops), 2 h after CM administration (20 
drops) and after 1 week (3x15 drops daily) 

♦ In hyperthyroidism (X-ray contrast medium only in 
vital ifKlication): additior>ally 20 mg thiamazol 
(Favistart*) daily (1^ weeks) 

^ In pheochromocytoma patients to avoid hypertensive 
crises: admir^istration of alpha-receptor blockers, 
e.g, urapidii (Ebrantif*) 

Monitoring (ECG, pulse, blood pressure, possibly 
pulse oxymetry) is advisable throughout the er^tire 
examination in patients at increased risk 



Table 21* Recommendations for treating contrast media feadions 
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B Measures on contrast medium reactbns 



Compiled byr 

Pfol* Of. K. Steinboferthner. 
University Clinic for Anesthesia and 
General Intensive Care. 

Spitalgassa 23, 1090 Vienna 



and 

Prof. Dr. M. Reiser. 

Klinifcum Grosshadem, Munich Oniversity, 
Institute for Radiodiagnosis. 

March ioninisir. 1$, 8137? Munich 



Sneezing, urge to cough, 
yawming. erythema, 
slight fever, nausea, 
retching, chill 



Flush, itching, urticaria, 
blepharedema 



SEVERITY GRADE I 

4 Discontinue injection 

^ Assure venous access 

# Possibly antiemetics, e.g. triflupromazine 
(PsyquiH, ondansterone (ZottrarO 

4 H| and Hj receptor blockers: dimetindene 
maleate &-1 2 mg (2^ amp. Fenistil®) 
demastine 4-6 mg (2-3 amp Tavegil^ 
cimetidine 400 mg (2 amp. Tagamen 
slowly i.v. 

4 If r^ecessary, glucocorticoids l.v. (corre- 
sponding to 250 mg prednisolone) 



Shock 

» Tachycardia 
- Massive drop in blood 
pressure 



SEVERITY GRADE II 



Hypotension 


# Lay patient flat, ensure fresh air 
^ Oxygen administration (tube or face mask) 


also: 


^ Rapid Infusion of a plasma substitute 
and/or of Rir^ger's lactate (500-1 (XK3 ml) 


Bradycardia 
(vasovagal reaction) 


# Atropine 0.5-3 mg I.v. 
possibly ordprenaline 0^5-0. 5 mg 
1/2-1 amp. Alupent 
slowly Lv. 


Dyspnea 

Spastic coughing 


#1-2 puffs of a broncholytic (dosing aerosol) 
# AmirK)phy1line 0.24 g i.v. 




# Glucocorticoids i.v, (corresponding to 
250-500 mg prednisolone), effective only 
after 5-10 min. 




# Oxygen (via face mask) (half-)sitting 
position 




# Possibly sedation with diazepam 5 mg Lv. 
(Valium^ 



Every patient should ^ays be kept under supervision for at least 30 min. after contrast medium administration, 
since around 90% of all reactions occur within this period of time. 

High-risk patients, on the other hand, should be monitored for a longer period. 

Late reactions (induding skin reactions, cardiovascular disorders) can occur in rare cases. 

Serious irtddents require supervision and therapy in Intensive care. 



Table 2t. Continuation 



SEVERITY GRADE III 



4 Start progress racortt 

# Summon emergency team, anesthesia 
depanrr»eiit or emergency doctor 

e OKygen (via face rrrask) 

# Rapid inlusion of at least 1 50D-2000 ml 
Ringer's lactate or plasma substitute 

e Adrenalin-hAedihalei^ 

Dosir>g aerosol 1-2 puffs 

# £pinephhr>e 0.1 -0.3 mg l.v. with monifoiing 
of heart (unction (Caution: arrtiythmia) 
every 10-15 min. 

Dosage according to effect: 

Rising to total dose 1 .0 mg if necessary 
(e.g. 1 amp. Suprarenin 1:1000 diluted lo 
10 ml. I.e. 1 ml. corresponds to 0.1 mg 
epinephrtrve) 

If no intraverrous access, epinephrir^e 
admir\istration (with decreasing efficacy) if 
necessary intrabronchially In doubled dose 
via a tube, in the subglottic venous plexus, 
i.m. or even i.c. 



Broncho- 
(laryngo-) 
spasm, strldoFi 
asthma attack 



Edema of the 
glottis 



# H, and receptor biockefs as under Pulmonary 

Grade I edema 

0 GJucorticoids l.v. (corresponding to 
tOOO mg prednisolone), effective only after 
5-10 min. 

Convulsions 

e Dopamine (2 amps, of 200 mg) lo 250 ml 
inf^ion: 1 5-30 drops per min., dosage ac- 
cording to effect 



e Sitting position 

^ Oxygen (via face mask) 

# Aminophytline 0.24 g i.v. 

# Adrenaiin-Medihaier* dosing aerosol 
1-2 puffs or t>eta*2 mimeticas dosing 
aerosol (e.g. Sultanol*, Berotec*) 

e Epinephrine 0.1 -0,3 mg i.v. (e.g. Supra- 
renirf^ 1:1000 diluted to 10 ml, possibly 
rising to total dose 1 .0 mg 

# H, and receptor blockers as under 
Grade I 

e Gluoocorticotds i,v. (cx>rresponding to 
250-1 QOO mg prednisolone), effective only 
after S-1 0 min. 

e Possibly diazepam 5 mg l.v. (Valiurrf*) for 
sedation; intubation if necessary 

e Possibiy Intubation 
or 

^ oxygen after pur>cture of the corie with a 
thick needle, coniotomy if necessary 

^ Possibly intubation 
and 

e positive pressure ventilation with 
oxygen, furosemide 40 mg i.v. (Lasix*) 

# Possibly morphirre 0.01-0^015 g slowly i,v. 

# Diazepam 5-10 mg i.v. (Valium*) 



SEVERmr GRADE IV 



# In refractory hypotension possibiy 

e Change to rKirepinephrine (S-10 mg lo 
250 ml inlusion) 

Dosage according to effect or 1 mg/10 ml; 
0.5-1 ,0 ml l,v., further dosage titrated 
according to etlect 



Circulatory 4 Immediate institution of cardiopulmonary 

and respiratory resuscitation (cardiac pressure massage 

standstill and ventilation) 



Telephone: Emergency ambulance: 
Telephone: Anesthesia department: 
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SPECIAL CHARACTERISTICS OF 
THE CONTRAST MEDIA FOR 
MAGNETIC RESONANCE IMAGING 



MECHANISM OF ACTION 



Contrasts in an X-ray film or X-ray computed tomo- 
gram are caused by the differing absorption of the 
rays as they pass through structures in the body. It is 
easy to calculate the quantity of a contrast medium in 
the path of the rays, or the contrast medium concen- 
tration in a given volume (CT) from the ray absorption, 
If the absorption in the same region is known before 
contrast medium administration. 

The physical principle of magnetic resonance im- 
aging is completely different. 
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Fig. 24. Signal intensity of aqueous solutions 
with various concentrations of gadoiinium^DTPA 
in magnetic resonance imaging (SE). in the 
middle a tube^ith oil (light) and with water (dark). 
The numbers on the edge show the mtllimolar 
concentrations of gadoiinium-DTPA (mmoi ■ i Mn 
watery. The maximum brightness is observed at 
2.5 mmol/1. At 10 mmol/l, the relaxation limes 
are so short that no signal is received 



# Magnetic fields and radio waves are 
used instead of X-rays. 

# Instead of all matter, e.g. in one or- 

gan, only one type of atom is visual- 
ized (usually hydrogen = = proton). 

# The brightness in one Image point is 
dependent mainly, aside from the 
concentration of the element in 
question, on its relaxation times T^ 
and T 2 , the movement, e.g. with the 
bloodstream, the adjustment of the 
apparatus parameters and various 
other factors. 

Almost all of the contrast media tested 
or used in magnetic resonance imaging 
[45, 46] cannot be seen in the image. 
However, they influence the visibility of 
the protons in that either these protons 
emit more signals during the measuring 
time (mainly shortening the relaxation 
time Ti) or that they emit less intense 
signals (mainly shortening of the relaxa- 
tion time T 2 ). Because both effects al- 
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ways occur simultaneously, there is a 
more or less complex dependency of the 
image brightness on the contrast medi- 
um concentrations, depending on the type 
of contrast medium (figs. 24, 25). How- 
ever, only a signal increase (bright im- 
age) in tissues is normally achieved with 
the intravascular contrast media in use 
today; in the kidneys, the contrast media 
concentrations can become so high that 
signal losses can actually occur. 

Ultimately, today’s intravascular 
contrast media are more effective the 
longer the native relaxation times are in 
the body regions concerned (table 22). 
With long initial relaxation times, as they 
occur in liquids (urine, gastrointestinal 
contents, cerebrospinal fluid, interstitial 
fluid accumulations) very small quan- 




Fig, 25. The same phenomenon as in fig. 24 
can be observed in patients. The urine normalty 
has a low signal Intensity (long T^), upper part of 
the bladder. Gadolinium -DTP A is concentrated 
in the kidneys to a degree that no signal Is 
received due to the too-short relaxation times 
(lower part of the bladder; because of the 
greater specific weight, the urine formed after 
the CM injection does not mix with that already 
present in the bladder). In the middle layer there 
is a zone of optimum CM concentration and 
maximum signal intensity 



titles of contrast medium are sufficient to cause signif- 
icant effects. If the relaxation times are already short 
(liver), the contrast medium concentration must be in- 
creased, and special measuring sequences (e.g. with 
very short echo times) must be used in order to regis- 
ter a further abbreviation of the relaxation times. 

The local contrast medium concentration is deter- 
mined by pharmacokinetics in the same manner as X- 
ray contrast media. It is directly proportional to the ap- 
plied dosage. 



STRUCTURE AND PHARMACOLOGICAL 
CHARACTERISTICS 

The most common contrast medium for magnetic reso- 
nance imaging is Magnevist®, which contains the 



Concentration 


T| 


Ta 


Gd-DTPA 


msec 


msec 


(mmoiyi) 






0 


3700 


2400 


0.21 


600 


473 


0.83 


300 


249 


1.7 


150 


116 


3.6 


70 


56 



Table 22. Influence of Gd- 
DTPA on the relaxation times T| 
and T^ of water at 0.47 Tesla 
and 20 MHz 
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Fig. 26a, Model of gadolinium-DTPA 



active ingredient gadolinium-DTPA (fig. 
26). The principle of action is the para- 
magnetic gadolinium ion (table 23). 
Gadolinium is an element of the rare 
earths group. It is characterized by 
especially strong paramagnetic proper- 
ties and it influences the relaxation time 
Ti (and T2) more strongly than other 
metal ions. 

Gadolinium ions are, like many oth- 
er metal ions, eliminated only slowly and 
they are too toxic by themselves to be 
used as a contrast medium. Therefore, 
Magnevist® contains the DTPA-com- 
plex of gadolinium in which the metal ion 
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Stability constant - 10^ 10^ 
Molecular weight 550 (acid) 
Water solubility > 1 mol/1 
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Fig. 26b. Structural formula of gadolinium-DTPA 



is firmly bound and which is not recognized by the 
body as a heavy metal and is practically not ex- 
changed for other metal ions [49]. The pharmacoki- 
netics of the gadolinium are completely changed by 
complex formation. It remains In the extracellular 
space after intravascular injection, does not bind with 
proteins, does not pass the intact blood-brain barrier 
and is eliminated rapidly and completely through 
glomerular filtration. 

Practically no side-effects have been determined 
in animal experiments using the clinically applied dos- 
ages of 0.1 to 0.3 mmol/kg, even during rapid i.v. injec- 
tion. About the only effects noted in the standard high 
overdose tests during the toxicological investigations 
were osmotic effects which have no meaning in the 
normal dosage range. Gd-DTPA is also surprisingly 
well-tolerated after injection into the cerebrospinal 
fluid (which has, however, not been approved by the 
health authorities and for which purpose Magnevist® 
is unsuitable in its undiluted form!). 

Besides Magnevist® a range of contrast media 
containing gadolinium have been developed. In these, 
other complex-forming agents are being 
employed; however, the diagnostic ef- 
fectiveness is the same. Gadovist® and 
Gadoteridol, for example, are neutral 
macrocyclic complexes of the trivalent 
gadolinium. The lower osmolality of 
these contrast agents permits the use of 
higher doses such as are required in 
MR angiography or perfusion studies. 

Gadovist is, moreover, the first MR con- 
trast agent to be offered in the 1 molar 
concentration. The advantages of the 
higher concentrations are a sharper bo- 
lus for dynamic examinations and the 



Gadolinium 

♦ Element of the rare earth 
group 

♦ 7 single electrons 

♦ always trivalent: Gd^ 

4 toxic as a free ion 
(compare to iodide) 

♦ forms stable complexes, 
especially with DTPA 

♦ well tolerated as a complex 
(compared to iodirtated 
X-ray contrast media) 

Table 23. Characteristics of 
gadolinium which indicate its 
suitability as the active ingredi- 
ent for contrast media for mag- 
netic resonance imaging 




OH 



Fig. 27. Structural formula of gadobutrol 
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Effect 


Pharmacokinetics 


Concentration 
(ready for 
use) 


Preparation 
for use 


Formulation 


Dotarem® 

Gd-Dota/Megl. 

Gadoterate 


T, 


orographic CM 


0.5 molar 


ready for use 


clear solution 


Pro Hance® 

Gd-D03A-HP 

Gadoteridol 


T, 


urographic CM 


0.5 molar 


ready for use 


clear solution 


Omniscan® 

Gd-DTPA-BMA 

Gadodiamide 


T, 


orographic CM 


0.5 molar 


ready for use 


clear solution 


Gadovist® 

Gd-D03A-butrol 

Gadobutrol 


T, 


urographic CM 


0.5 molar 
1 .0 molar 


ready for use 


clear solution 


Magnevist® enteral 

Gd-DTPA 

Gadopentetate 


T, 


gastrointestinal 


1 mmolar 


dilute 


clear solution 


Abdoscan® 

Ferristen 


Ti 


gastrointestinal 


23.4 mg 
Fe/200 ml 


suspend 
granules in 
water 


viscous 

suspension 


Lumirem® 

Ferumoxsilium 


Ti 


gastrointestinal 


52.5 mg 
Fe/300 ml 


ready for use 


suspension 


Endorem® (= Feridex®) T 2 


RES (liver, 
spleen) 


1 1 .2 mg Fe/ml 


dilute 


suspension 


Teslascan® 

Mn-DPDP 

Mangafodipir 


T, 


hepatocytes 
(pancreas, heart) 
manganese ions 


0.01 mmol/ml 


dilute 


clear solution 



Table 24. Commercial preparations excluding Magnevist® 



smaller volume administered for higher dosages. The 
concentration of gadolinium in the 1 molar solution is 
157 mg/ml (fig. 27). 

The first liver and spleen-specific contrast agent 
to be made available is Endorem® (called Feridex® in 
the USA) (table 24). The principle of Its action are su- 
perparamagnetic iron oxide particles measuring about 
lOOnm, which are stabilized by a dextran coating. 
After intravenous injection the magnetite particles accu- 
mulate in the RES of the liver and spleen. Metastases 




Osmolality 


Viscosity 


Thermic 


Additive (s) 


Kinetic 


Effective 


mosm/kg HjO 


m Pa s 


stability 




stability 


stability 




37“ C 


constant 




[tJ4] 


constant 




[logK] 








at pH 7,4 


1 350 


1.82 


25.8 


megl amine 


one month 


18.8 


630 


T35 


23.8 


calteridol Ca, 
trometamol 


3h 


17.1 


798 


1.47 


16.9 




30 sec. 


14.9 


557 


T41 


21.8 


Ca, Na butrok 


24.2 h 


^ 15,6 


1 603 


4.96 




tfometamol 






- 




- 


DTP A, citrate, 
mannitol 


- 


- 


- 


- 


- 


several tumefacients, 
polystyrene sulfate 






- 


- 


* 


silane, 

preservatives, sorbitol 
flavorings 


- 


- 


340 


1.3 (20“C) 




dextran, 
citrate, mannitol 




* 


290 


- 


- 




- 


- 




and most tumors contain no or markedly fewer 
macrophages and so do not take up the contrast me- 
dium. Endorem®’s powerful T 2 -effect extinguishes the 
signal [76]. Marketing authorization has been applied 
for a preparation with a comparable principle of action 
called Resovist®. It is easier to handle, is better tolera- 
ted and has quicker and more potent efficacy. 

Teslascan®, an unstable complex of manga- 
nese2+, is a further liver-specific MR contrast agent 
which has been granted marketing authorization. The 
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Effect 


Pharmacokinetics 


Concentration 
(ready for use) 


Preparation 
for use 


Optjmari(® 

Gadoversetamide 

Gd-DTPA-0MEA 




urographic CM 


0.5 mol/1 


ready for use 


Multi Hance® Gadobenata 
dimeglumine (Gd-BOPTA) 


T, 


urographic CM 


0.5 mol/1 
0.25 mol/l 


ready for use 


Resovist® 

Ferucarbotran 


Ti 


RES/liver 


O.S moi Fe/1 


ready for use 


Eovist® 

Gadoxetic acid 
(Gd-EOB-DTPA) 


T, 


50% urographic 
50% biliary 


0.25 mol/l 


ready for use 


Sinerem® (= Combidex) 
Ferumoxtran 


TAi 


lymphatic CM, 
blood- pool CM , liver 




dilute 



Table 25. Developmental preparations undergoing clinical trials 



manganese ions accumulate mainly in the healthy li- 
ver parenchyma after intravenous injection and induce 
a persistent shortening of the relaxation time Ti and 
signal enhancement. Gadolinium-EOB-DTPA (Eovist®) 
is a stable hepatocyte-specific complex of which about 
50% is subject to biliary elimination and which is cur- 
rently at an advanced stage of clinical investigation 
(table 25). 

PHARMACEUTICAL PRODUCT QUALITY 

Magnevist® is a concentrated aqueous solution of the 
dimeglumine salt of gadolinium-diethylene-triamine- 
pentaacetic acid (= dimeglumine gadopentetate = Gd- 
DTPA dimegl.) with an addition of 1.02 mg/ml DTPA 
(table 26). The solution is clear and watery and Is in 
this regard similar to the X-ray contrast media. The rel- 
atively high osmolality is unimportant for intravenous 
administration as Magnevist® can be given in much 
lower doses as compared to X-ray contrast media. 
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Formulation 


Osmolality 


Viscosity 


Thermic 


Addttive(s) 




mosm/kg HgO 


mP ^ s 


stability con- 








37^ C 


stant [log K] 




clear solution 










clear solution 


750 


1.6 






suspension 


333 


1.03 




lactate, mannitol, 
sodium hydroxide 


clear solution 


834 


T23 


23.46 


trometamol, 

Ca-EOB-DTPA 


suspension 














, . y 







The following are decisive for the quality of the 
contrast medium: 

1 . The purity of the gadolinium: 99.999% 

2 . The purity of the complex-forming agent DTPA, es- 
pecially In regard to the contamination with chemically 
related substances which, however, only bind gadolin- 
ium less strongly. 

3 . A small excess quantity of free DTPA, which guar- 
antees a complete binding of the gadolinium ions 
under unfavorable conditions. 

The pH value of Magnevist® is about 7. The stabil- 
ity of the complex is very high in the physiological 
pH-range and cannot be completely guaranteed be- 
low pH 2.5. 

The solution exhibits two absorption maximums 
in the UV range, one at 273 nm and a weaker at 
276 nm (measurement of a ca. 50 mmol solution, 
therefore very low detection sensitivity as compared 
to UV measurement of triiodinated X-ray contrast 
media). 



Gadolinium -DTP A, di meglumine 


salt ; molecular weight 


938 


Contrast media concentralion 


(mg/ml) 


469 




(mol/l) 


0.5 


Megiumine-DTPA as a 






complexing agent surplus max: 


(mg/ml) 


1.02 


Viscosity 


(mPa • s, 37'C) 


2.9 




(mPa • s, 20'C) 


4.9 


Osmolality 


(osm/kg H 2 O) 


1.96 


pH 




6.5-8.0 


Density 


(kg/1, 20‘C) 


1.207 


Relaxivity 


(T, l/mmol sec, 0.47 T, 39’C) 


3.84 ± 0.04 




(T 2 I/mmol sec, 0.47 T, 39'C) 


4.34 ± 0.06 



Clear, colortess solution 

Table 26. Magnevist^, composition of the solution 



The following must be observed when handling 

Magnevist: 

# All safety measures for X-ray contrast media ap- 
ply (see page 48ff). 

# Magnevist® is rather more stable than standard X- 
ray contrast media, i.e., it is less sensitive to the 
influences of heat (up to 120° C) and light. 

# The formation of crystals has not been observed, 
even after storage at very low temperatures. 

# Magnevist® has a low viscosity. Warming the 
solution to reduce the viscosity is, as a rule, not 
necessary. 

# Undiluted Magnevist® inhibits the growth of micro- 
organisms (fig. 28). It is therefore less sensitive to 
microbial contamination than nonionic X-ray con- 
trast media. 

# Microbial contamination of the solution need not 
be expected on aseptic withdrawal from the same 
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contrast medium container for use in a 
number of patients [77]. 



ADMINISTRATION 

In many respects, the administration of 
Magnevist® in magnetic resonance im- 
aging is similar to that of X-ray contrast 
media in computed tomography. 

♦ Intravenous injection. 

# Injection speed can be chosen as 
needed; for dynamic examinations 
a rapid bolus injection is also pos- 
sible. 

♦ The dosage Is generally 0.1 mmol 
gadolinium-DTPA/kg body weight 
or 0.2 ml Magnevist®/kg. Good re- 
sults are achieved in adults with the 
injection of 20 ml (contents of one 
injection bottle). The effect can be 
increased by doubling the dosage to 0.2 mmol/kg 
body weight; for central nervous system diagnos- 
tics, this dosage can also be reached by injecting 
0.1 mmol/kg within 30 minutes after the first injec- 
tion. 

# As opposed to computed tomography, no con- 
trast medium Is required to delineate the blood 
vessels in magnetic resonance imaging, as the 
flowing blood is delineated from the surrounding 
tissue by its low signal intensity (dark). Using spe- 
cial flash sequences in 3D-MR-angiography, 
Magnevist® makes a somewhat larger pulse 
angle possible by reducing the relaxation time in 
the blood, which leads to better image quality. 
This applies especially in the brain, as the contrast 




Pseudomonas aeruginosa 
Staphylococcus aureus 
Bacillus subtilis, Clostridium sporogenes 
Candida albicans 
Aspergillus niger 



Fig. 28. Influence of Gd-DTPA dimeglumine 
(Magnevist^ on the growth of various 
microorganisms. Initial germ count 1 00% 
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Signal changes in the 
case of disturbances 
or lack of the 
blood-brain barrier, 

B.g. 

# metastases 

# meningiomas 

# glioblastomas 

# acoustic neurinomas 
4 pituitary adenomas 
^ inflammations 

# infarctions 
(time window) 

# MS 

(active plaques) 

# plexus chorioidei 

No or only minima! 
influence on signal intensity, 
e.g 

# cerebrospinal fluid 

# healthy brain 
parenchyma 

# astrocytomas 

Table 27. Magnevist®ln the 
central nervous system 



medium is restricted to the blood vessels because 
of the blood-brain barrier. 

^ In the central nervous system, all areas of in- 
creased permeability of the blood-brain barrier 
are prone to signal increases through the adminis- 
tration of Magnevist® (table 27). 

# In the rest of the body, areas with 

- rapid perfusion 

- a high proportion of interstitial fluid and 

- relatively long relaxation times before contrast 
medium administration are especially prone to 
an increase in their signal intensity (table 28). 

♦ In the kidneys and urinary tract, contrast medium 
concentrations may increase to a point where sig- 
nal losses occur. 

Other applications of gadofinium-DTPA for the 
imaging of body cavities definitely require 
special preparations. The 0^5 molar solution 
for intravenous injection is not suitable. The 
same applies to the 0.5 and 1.0 molar Gado- 
vist^ preparations. 



CONTRAST MEDIA FOR THE 
GASTROINTESTINAL TRACT 

Contrast media can. In a similar manner to computed 
tomography, help to greatly improve the delineation of 
the lumen of the gastrointestinal tract from the sur- 
rounding tissues. The prerequisite for the use of para- 
magnetic substances, other than optimum contrast 
medium concentrations, is the presence of water. For 
this reason, a special preparation of Magnevist® was 
developed which contains a gadolinium-DTPA con- 
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None or very little 


Moderate 


Significant 


Muscle 


Liver 


Kidney (medulla > cortex) 


Fat 


Pancreas 


Urine 


Bone 


Gastrointestinal mucosa 


Nasal mucosa 


Bile ducts, gall bladder 




Blood (depending on flow and 
measuring mode) 


Cysts 




Operation scars 
Inflammations 
Infarctions: liver, spleen 
Heart: acute ischemia, infarction 
Tumors: Liver, hypemephroid, 
lung, breast, pelvis, bone, muscle 
connective tissue 


Table 28. Influence of Magnevist® on signal intensity outside of the central nervous system 



centration of only 1 mmol, with the addition of mannitol 
to limit the water absorption from the gastrointestinal 
tract, and a buffer to stabilize the gadollnium-DTPA in 
the stomach (Magnevist® enteral). Two other prepara- 
tions are approved for the same purpose: Abdoscan® 
and Lumirem®. Both contain magnetites which reduce 
the signal intensity. 



CONTRAST MEDIA FOR OTHER 
BODY CAVITIES 

For special diagnostic problems, the use of contrast 
media to increase the signal Intensity of body fluids, 
e.g. as performed in X-ray diagnostics using arthro- 
graphy or myelography, could be beneficial. Currently, 
there is no approved preparation for this purpose. 

As a general rule, a Magnevist® solution diluted to 
2 mmol/liter is suitable, if a sufficient part of the vol- 
ume being represented is replaced. With greater dilu- 
tions, a 10 mmol solution must be used. This type of 
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dilution must be performed with physiological saline 
solution or another tolerable phosphate-free isotonic 
medium, because Magnevist® is definitely hypotonic 
in low concentrations. Phosphates must be avoided 
as they form very insoluble salts with gadolinium. 

^ 1 ml Magnevist® + 249 ml physiological NaCI 
= 2 mmol gadolinium-DTPA/liter 
♦ 1 ml Magnevist® + 49 ml physiological NaCI 
= 10 mmol gadolinium-DTPA/liter 

The sterility of the preparation must be guaranteed 
during administration in body cavities. 
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SPECIAL HANDLING CHARACTERISTICS 

The intravenous administration of Magnevist® can be 
performed in the same manner as that of X-ray con- 
trast media in computed tomography. However, the 
following must be observed: 

♦ The effect of paramagnetic contrast media such as 
Magnevist® is not proportional to the dosage but in- 
creases rapidly at first, then reaches a plateau and 
can, under certain conditions (kidneys, urinary tract, 
certain measuring sequences) also decrease. 

♦ It is not necessary to calculate the administered 
dosage of Magnevist® too exactly; there is a broad 
dosage range with generally good tolerance. 

# Magnevist® has, despite lower dosages, greater 
efficacy than X-ray contrast media in computed 
tomography. Therefore, it can be useful in cases 
where sufficient contrast increase cannot be 
achieved with X-ray contrast media. 

# The creation of a preparation for contrasting the 
gastrointestinal tract cannot be performed 
through simple dilution of Magnevist®. 



# Dilution and mixing of Magnevist® with other solu- 
tions, which contain salts or complex-forming 
agents other than NaCI, glucose or mannitol (i.e. 
phosphates, electrolyte solutions, iron prepara- 
tions) must not be performed in order to avoid the 
risk of ion exchange in the chelate. 

# Magnevist® is very well tolerated and can be in- 
jected as a concentrated solution without discom- 
fort. The relatively high osmolality may be unde- 
sirable in small children or may lead to temporary 
pain during perivascular injection (e.g. with uncer- 
tain positioning of the injection cannula). This can 
be avoided by diluting Magnevist® with water for 
injection (or physiological saline solution): 



Osmolality of diluted Magnevist® solutions 
(mosm/kg H 2 O) 



Dilution 


Dilution medium 




water for injections 


physiol. NaCI 


1 +1 


770 


940 


1 +4 


270 


520 



A dilution of Magnevist® at a ratio of 20 ml + 20 ml wa- 
ter will significantly reduce the osmolality, and in a di- 
lution of 20 ml Magnevist® to 100 ml final volume, the 
osmolality lies significantly below that of today’s com- 
monly used nonionic X-ray contrast media. 



INFLUENCE ON LABORATORY TESTS 



The influence of gadolinium-DTPA on laboratory tests 
has been investigated [47]. It was shown that Magne- 
vist®, through the small surplus of free complex-forming 
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agents, binds metal ions which should either be meas- 
ured or are used as reagents for the measurement of 
other substances. However, concentrations in serum 
sufficient to disturb laboratory tests could hardly be 
achieved (with the single exception of copper determi- 
nation). 

# None of 12 various tests for serum enzymes was 
disturbed. 

# Protein determination with biuret. A disturbance of 
the reaction is possible (values too low), but only 
in urine up to about 4 hours after administration of 
the contrast medium. 

# Mercurimetric chloride determination. Too high 
values have been found but only in urine up to 
about 4 hours after administration of the contrast 
medium. 

Copper 

Too low values have been found. Measurements 
should be performed at the earliest 24 hours after 
Magnevist® administration. 

Calcium 

With high contrast medium concentrations, which are 
rarely achieved in vivo, slightly reduced calcium val- 
ues can be expected. 

Iron 

Serum iron determination with complexometric meth- 
ods (e.g. bathophenanthrolin) can result in too low val- 
ues up to 24 hours after contrast medium administra- 
tion. 

After injection of Magnevist® in high dosages, oc- 
casionally serum iron and bilirubin values may in- 
crease; blood for the measurement of these sub- 
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stances should therefore be taken no sooner than 24 
hours after contrast medium injection. 



INTERACTION WITH MEDICATIONS 



At this time, there are no known interactions with med- 



ications. However, an influence of Magnevist® on the 
distribution of gallium-67 was noted [48]. It must be 
assumed that the small quantities of the free complex- 
ing agent in Magnevist® could influence the distribu- 
tion of radio isotopes in the body in a manner similar to 
the influence on laboratory tests. This would be of im- 



portance during the use of radioactive isotopes for 



therapeutic reasons. 

Because of the rapid elimination of 
Magnevist® and also the free DTPA, 
such an influence should only be ex- 
pected up to a maximum of 24 hours 
after administration. 

RISKS RELATED TO 
MAGNEVIST® USE 

In clinical trials and since its introduction 
to the market in 1988, Magnevist® has 
proven itself as a contrast medium with 
a surprisingly low incidence of side-ef- 
fects (table 29). However, It must be re- 
membered that it can cause the same 
side-effects as iodinated X-ray contrast 
media after intravenous injection, with 
the exception of the influence on the thy- 
roid gland. The occurrence rate of gene- 
ral reactions to gadolinium-containing 
contrast media is only 1-2%; severe 



Symptoms 


Number 


Frequency 


Nausea, vomiting 


57 


0.42% 


Warmth, pair^ at 
injection site 


55 


0.41% 


Headache 


35 


0.26% 


Paresthesia 


18 


0.13% 


Dizziness 


13 


0.10% 


Focal cramps 


2 


0.01% 


Urticaria 


4 


0.03% 


Other allergic type 
skin reactions 


10 


0.07% 


Allergic type mucous 
membrane reactions 


7 


0.05% 


Flush 


8 


0.06% 


Cardiovascular 

reactions 


5 


0.04% 


Tachycardia. 

arrhythmia 


3 


0,02% 


Other symptoms 


20 


0.15% 



Table 29 Side-effects following the administra- 
tion of Magnevist®: 196 of 13,439 (1.46%) pa- 
tients with 237 symptoms 




systemic anaphylactoid reactions are rare. A severe 
reaction was observed after every 350,000th injection; 
asthma appears to be a risk factor [78, 79]. 

A comparative study revealed that up to a dose of 
0.4 mmol/kg gadolinium-containing MR contrast 
media are better tolerated by the kidneys than X-ray 
contrast media at the doses normally used in compu- 
ter tomography [80]. 

Magnevist® is eliminated almost exclusively via 
the kidneys. Administration In patients with strongly 
diminished renal function should therefore be carefully 
considered in relation to the expected benefits. 

Magnevist®, just as iodinated X-ray contrast 
media and creatinine, can be removed from the body 
through dialysis. Dialysis should, as a precaution, be 
performed as soon as possible after contrast medium 
administration. 

No indications of embryotoxic or teratogenic ef- 
fects of Magnevist® were found in animal experiments; 
on the other hand, in patients the tolerance during 
pregnancy has not yet been proven. 



COMPARISON WITH X-RAY 
CONTRAST MEDIA 

Despite larger differences in physics and chemistry, 
the effect of Magnevist® in magnetic resonance Imag- 
ing is similar to that of X-ray contrast media in comput- 
ed tomography. Tables 30 and 31 contain a compari- 
son of a few of the characteristics. Of interest are the 
strong efficacy and the surprisingly good tolerance. 
Dimeglumine gadolinium-DTPA is a salt. The toler- 
ance is, however, at least as good as, possibly even 
better than, the tolerance of nonionic X-ray contrast 
100 media. 



